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PREFACE

This brochure has been developed to meet the growing need for informa-
tion concerning computer applications in the medical sciences.

Electronic computers have not only changed the face of the medical
health sciences, they are changing the whole structure of jobs. The
same basic workthat of improving human health and preventing dis-
easeis being accomplished through new skills, elimination of mental
and clerical drudgery, the disappearance of mountains of paperwork,
development of new research techniques, changes in medical education,
and above all, instant and accurate communication.
Medical thinking has had to become more precise to meet the rigorous
demands of the computer. Instead of restricting or standardizing thought,
however, this demand for precision has prompted highly creative reap-
praisals of many medical procedures.

The abilities of the computer are so great, and have had such impact
in the medical field, that much of the research thiriking, administrative
planning, and other medical activities now are governed largely by
what the machine can do. New administrative methods are possible;
whole new research possibilities are developing; medical education is
different, both in content and in teaching methods; and the practice of
clinical medicine shows dramatic changes in the management of informa-
tion.

One of the eventual goals in all of these -areas is the establishment of
reliable medical predictions based on data other than statisticri normals.
Applying some of the new mathematical concepts to the computer, it will
be possiMe to establish accurate predictions based on al/ variaMes of
diseases and all variables of patients. This will eliminate the problems of
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needing a "normal".standard, and focus attention on specific facts in spe-cific situations.

An outgrowth of the successful use of computers to "screen" labora-tory test results for abnormalities is the imminent use of "specialist in-formation." Computerizing a specialist's summary 'of the various criticalaspects of his field will enable all physicians to benefit from the infor-mation. This also will include summaries of the major advances in thespecialty field, since the specialist usually has this information at hisfingertips.

With these changes touching nearly every area of medical science, bson all levels of complexity are also changing. A necessity for mediedexperience is the first requisite of these jobs, followed by the knowle.iv,of computer procedures.

There is a great demand in all medical scienr;e fields for clerical per-sonnel who are computer-oriented. Most significant among these is therapidly increasing demand for MEDICAL CODING CLERKS. Womenare especially welcome in these jobs because of their known patiencewith the endless coding details that must be completely accurate.
At this time, there are numerous opportunities in computer-related medi-cal activities for the high school graduate who is willing to enter themedical sciences by the back door. This involves accepting an entry-level job in any department where patient care is plovided, mainly togain medical experience. (Housekeeping or janitorial work are ex.amples.) If this same Hgh school g-aduate will also take one or twonight school courses in computer procedure, he should have little diffi-culty in moving from the entry job to the mroz.h higher level of computer-related activities.

Up to now the developments in computer technology, as applied to themedical sciences, have been occurring at separate points, -with little op-portunity for the participants to communicate or to exchange informa-tion. It is hoped that this publication will help to fill the gap and provideinformation en these new and developing methods to counselors, students,and others, particularly those who work in the public employment officesor whose activities involve a working relationship with these offices.

The occupational ddscriptions contained in this volume have beencompiled from a number of different sources and therefore describe theindividual occupations in a composite, though generalized, form. Con-sequently, no description can be expected to coincide exactly with anyspecific occupation in a particular establishment or in a particular lo-cality. To be of greatest use, the descriptions should be supplementedby local information concerning specific occupations in the community.
The U.S. Training and Employment Service has no responsibility for thesettling of jurisdictional matters or the setting of wages and hours. In thepreparation of occup4,tional descriptions, no facts concerring such mat-ters were collected. It should be clearly understood, therefore, that occu-pational descriptions published by the U.S. Training and EmploymentService, cannot be considered standards for the determination of wages,hours, or jurisdictional questions.
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IIINTIRCIOUOTION

HISTORY
On display in a British museum is the world's first calculating and print-
ing machine, called th.. Difference Engineforerunner of the modern
computer. Designed to perform mathematical computations id print
out the zesults. the Difference Engine was demonstrated successfully be-
fore 1820. Production of complete, additional models was begun in 1823,
but work was so plagued by manufacturing difficulties that productior.
efforts were f.ially a4andoned in 1833.
A century later, the' increasing size and complexities of business and
government once again directed attention to tne inviting potentials of the
old Difference Engine. A machine that could perform compkx calcula-
t4ons, compare numbers, store son-v- of the figures for future use, and.
print out specified restilts, was sorely needed. By the mid-1930's, many
scientists and te&inicians were attempting to develop such a machine,
but the first dramatic response to the demand came a few years later
with the ;.)pearance of the electromechanicd computer, fashioned by
Aiken of Harvard University in conjunction with IBM. Modifications of
this machine naturally followed, and in 1946 the first electronic model
was introduced offering vastly improved speed and stability of opera-
tion.

Improvements continued. Transistors replaced bulky vacuum tubes and
increasingly sophisticated hardware permitted such advances as in-
ternally stored machine instructions, built-in error controls, and disc and
drum memory units that preserve entire operations for immediate access.
Business, government, and industry rapidly assimilated these and later
models into their work methods and the resulting revolution of pro-
cedures and jobs is well known.
However, the impact of computers in the field of the medical health
sciences has been different. By the late 1950's, many medical investi-
gat-Ks and hospital administrators, struck by the great potential value of
computers, had begun working with computer specialists. Engineering
firms were joining forces with medical institutions and schools in efforts
to resolve the- many different medical dela processing problems. But it
was found that computer procedures and programing, which were highly
successful in business and even in the physical sciences, were not pro-
ducing the expected results. The basic differences in the lints necessary
for effective work in the medical health sciences were much greater
than anyone suspected and for several years the results baffled everyone.



DIFFICULTIES OF COMPUTER CONVERSION
It is important to grasp the distinction between medical and business
problems because this difference touches every aspect of present-day
use of computers in all the medical health sciences. Moreover, inability
to recognize and learn this basic but unspoken difference prevents work-
ers fron.1 successful transfers into medical science jobs.
In business, government, and the physical sciences, the basic information
is factual. Whether it is last year's sales volume or a calculation of air-
plane stress factors, the component information is reasonably exact and
everyone concerned knows what it is. Translating these facts into mathe-
matical quantities and then incorporating a variable and studying the
result is not too difficult.
In the medical field, however, there are not many quantifiable facts.
Only the overall picture (health, sicisness, behavior) is known, and the
problem is to determine what the components (causes) are, and how
they function. Taken by itself, human illness is actually a narrow-range
response to an infinite number of possible damages and degrees of dam-
age, both Im.ntal and physical. But no two persons preset exactly the
same symptoms from the same cause; and even communities respcald
differently to epidemics o; the same virus.

The goal, or end result, of all act;vity in the medical health sciences is
improved health and patient care--not units of production or sales 'col-
ume. Good health can be recognized, but it cannot be measured, any more
than a good flavor can be weighed. As a result, medical people ar::: ac-
customed to dealing with many sets of changing, unpredictable, and often
unknown information about illness and injury, and they are thoroughly
oriented to goals that are qualitative, not quantitative. Successful navi-
gation through these endless uncertainties requires firm reliance on
human qualitative judgment, combinedwhenever possiblewith quan-
titative evidence.

This necessary blend of qualitative and quantitativ, factors is unique,
often inapparent, and so taken for granted by people in the medical
health sciences that no one was especially aware of it until the standard
computer procedures failed comnlately to handle medical science infor-
mation. It became clear that a great deal of medical meaning relies on
mutually understood implications. The workers speak in terms 4.-tf quanti-
fiable facts, but they often refer, implicitly, to judgments and relation-
ships that everyonein the medical fieldunderstands. This unspoken
understanding stems from a common background of medical science ex-
perience a,id knowledge, and it is on. the total understandingnot on the
facts alone--that action is taken. By making one statement, medical per-
sonnel often mean something else entirely.

Unaware of this hidden pitfall, computer specialists began analyzing and
assembling ma.:ses of data at face value and entering them in 'the com-
puter. In respor.5e, the computer manipulated the data as ordered and
printed oat fact sheets showing that 63 patients had performed their own
surgery; the average height of outpatients was 2 inches; and several pa-
tients were discharged from the hospital with 21.7 diseases each.

Careful investigation of these bizarre findings finally pinpointed the real
and continuing cause: Medical data itself rarely contains the meanings-
of, or shows the relationships to, the actual facts at hand. Medical
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people autor.iatically provide this mental hridge; others find it im-possible_

Following these early difficulties of computer conversion, the basic taskbecame that of sorting the implicit and the qualitative factors in medicalscience from the quantitative. To achieve this, the work is performed byindividuals thoroughly familiar with the medical sciences, hoth physiciansand nonphysician scientists. Computer specialists are needed and utilizedextensively as c3nsultants. Today these physicians and scientists are de-veloping the computer ideas and the logic by which programs are con-trolled.

These experts come from every specialty, because there is no area in theentire range of the medical health sciences in which computers are notbeing used to advantage. Aerospaee medicine, psychiatry, k;.i.blic health,dietetics, intensive care units, blood banks, medical training, patient bill-ingall of them are using computers not only to remove paperworkdrudgery and provide instant communication but also to develop newmedical methods and strategies heretofore impossible-

SCOPE AND COMMON ELEMENTS OF COMPUTER USE
Some 40 medical institutions in the United States now have their owncomputers; several hundred others contract for specified computer workor use the computer time-sharing system wherein use_s may have simul-taneous online access to the machine during certain hours of the day. inthe time-sharing system, however, it is possible that when the competi-t;on for real time operation becomes severe, a project may have to waitfor several days to get "".sn line."

Although contu.ing aSsimilation of computer systems into the medicalhealth sciences is progressing rapidly, the kinds of work sti7.1 vary widelywith the specific interests and needs of each facility. Therefore, at thistime, it is rare to find two esta5lishments concentrating on the same med-ical area or meeting personnel needs in exactly the same way.
Nevertheless, in any application of computers to medical problems, sev-eral fundamental steps axe necessary. The following seven are basic toall medical applications:

1). Planning the computer program. This may or may not includeextensive systems analyses.
Programing and coding.
Transferring codes to punchcards or tape.

2)
3)
4).
5).
6).

Assembling the program and printing it out to detect
Preparing the medical data for computer use.
Conducting trial runs of the data and correcting errors.

errors.

7). Storing final data on tape, tiiscs, or drums for future use.All of these steps, except the actual keypunching or typing and the finaltransfer of data to storage, require personnel who have a medical back-ground as well as a thorough grasp of computer operations.
The use of computer methodology in medical projects has been extensiveand varied. But generally, these uses fall ink) four main categories: Clini-cal, Medical ReconL, (including statistical reports), Edmcation, and
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Research. This brochure does not include all the specific medical uses of
comnuters, but those that are most representative are included in the
following paragraphs.

HOSPITAL AND CLINIC COMMUNICATION PATTERNS
The moment a patient is admitted to any large hospital, pertinent infor-
mation is sent to 30 different areas, such as the telephone switchboard, the
dietetics department, nursing station, surgery, medical recordsand fin-
ally, the accounting office where information is recorded concerning the
patient's Medicare, insurance plans, and any public agency that might
be involved. More records and reports develop daily regarding medical
and laboratory services provided to patients, supplies and equipment
ordered for the hospital, salaries, and statistical reports required by State
laws and various accrediting organizations, such as the American Hos-
pital Association.
A comparable network of communication is triggered each time an out-
patient visits a clinic. But here, communication is even more complex
since a patient may be seen in two or more clinics on the same day, and
at each one may receive orders for various laboratory studies, plus ap-
pointments for future visits. In addition, each clinic's clerical personnel
must arrange the appointment schedules of every staff doctor according
to his availability.
With increasing numbers of patients being treated in hospitals and clin-
ics, health service personnel have been faced with mounting recordkeep-
ing problems. One analysis showed that 6 hours of clerical work are re-
quired for every day z;ach patient is hospitalized. All authorities agree
that manual processing of reports and other necessary information is no
longer prompt or efficient.

In many institutions the mounting volume of paperwork is being reduced
by converting the entire information network to computer systems. Most
of them began with conversion of the accounting and billing systems
and then expanded into other areas of medical activity. Many of the
smaller hospitals confine their computer procedures to purely business
aspects until regional computer services are more fully operational. The
smallest hospitals are expected to abandon the old manual systems within
a few years.
Looking ahead to that time, one hospital executive states, "Within 10
years, the only medical documents on file in a hospital will be birth cer-
tificates, legal consent papers, and death certificates."
A diagram of a typical computerized system is shown on page 4 .



CLINICAL. MEDICINE
This broad label covers all medical evaluations of patients' symptoms,
laboratory and other types of tests, and the treatment of diseases and
injuries. It is, in effect, a large group of specialties which evolved due
to the rapid advances of medical knowledge. Among specialties such as
dermatology, surgery, psychiatry, and pediatrics, the specific kinds of
patient information needed for successful medical care vary widely.
Moreover, the evaluations of basic information (the patient's age, weight,
occupation, etc.) differ sharply from one field to another.
No one person could possibly keep abreast of all these fields and no one
computer system could cope with the results. Each specialty requires its
own method of accurate systems analyses and conversion of data to com-
puter processable forms. This in turn requires experience in the medical
specialty. Therefore, the most successful computer methods to date utilize
professional medical peoplefirst, to learn computer systems, and then
to adapt the systems to their own needs. This accounts for considerable
differences in computer methods, equipment, and results. But these dif-
ferences do not seriously affect the emerging jobs.
In all areas of clinical medicine, the computer's unique abilities to serve
as a giant file with instantly accessible information., to compare new
information against a mass of previously filed data, and to print out the
results rapidly have made it an invaluable tool. Some of the most typical
uses follow, beginning with the hospital and the clinic.

IAONOSTIC SCREENINO OF PATIENTS
THE AUTOMIIA7ED PHIFSICAL. lEXAININIATION
Entering an outpatient physical examination clinic, a patient checks in
at the reception desk, exchanges his clothes for a loose-fitting white
gown, and receives a packet of prepunched cards. Two hours later, he
is dressed and ready to leave the clinic, having had at least 18 different
tests, ranging from blood analyses to vision measurements. Most of the
test results are already in the computer "file," along with the results of
an extensive questionnaire the patient filled out while he was waiting at
various test stations.
Should any of these test results indicate serious unsuspected illness, the
computer will print out the findings, together with possible diagnoses,



and the patient will be escorted to the proper section for further exami-nation. Otherwise, he makes an appointment to see his regular doctor ina week. At that time, the few tests, such as X-ray, that require medicalinterpretation before the report can be made, will also be recorded in thecomputer.
The tests themselves are diagnostic screening tests designed to detect anyof the common ailments that often begin without noticeable symptomsblood pressure, glaucoma, pulmonary emphysema, or a minor coronary.For the patients, it is cheap, comfortable, and quick; for the physicians,this wealth of test information is an excellent reference point for anyfuture- illness the patient might develop and the results may spotlightsome unsuspected threat to a patient's health.
One California outpatient clinic sees 4,000 patients each week, and bysubstituting computer processes for much of the usual paperwork, doesso without taxing the personnel or delaying the patients.
A physician points to a computer video screen, using an eZectric light pen to give orders concern-ing his patient. The keyboard is used to enter data into the computer.
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The patients present to each testing station a labeled punchcard which is
filled out by the operator and returned to the patient at once. After his
last test, the patient hands the pack of cards, together with question-
naire forms and punchcard, to the data processing personnel stationed in
the clinic. The material is scanned for completeness and accuracy, run
through a reproducing punch, and sent through pneumatic tubes to
the computer room for online entry of all data. Results are printed out
in a matter of minutes.
These procedures have not materially changed the duties of medical per-
sonnel, but the medical environment has had a marked effect on the
duties of the data processing workers. Functioning under pressure, and
at high speed, these individuals must understand and anticipate medical
and clinic procedures in order to scan and process the test data without
serious error. Medical orientation is totally different from that of work-
ers concerned with the same kind of machines in business or industry.
This knowledge is acquired only through work experience in a medical
setting.
A waiting patient previews a sample punchcard health questionnaire.



Consequently, workers who are hired as skilled operators of the variousperipheral equipment machines like the reproducing punch or key-punch are closely supervised for at least 1 month and are not allowed tomake independent decisions for another 5 months.
Also affected by the unique demands of the medical field are the work-ers who observe procedures in order to improve the punchcard formatsand other forms used in computerized procedures, (See SYSTEMS ANDPROCEDURES ANALYST.)
The diagram on page 10 indicates the routing of patients through theautomated physical examination clinic. An cperator is stationed at eachexamination booth and nurses are placed at strategic points along theway to assist patients. Not shown is a small data processing room locatedin the clinic proper.
Applying the computer's ability to receive and evaluate enormous quan-tities of data, several kinds of clinics, including those in the field of psy-chiatry or mental health, use written screening devices to locate andrecord signs of trouble.
In these instances the patient answers numerous questions about hishealth, personal history, or attitudes, using specially prepared forms orprep unched cards. Attitudes might be measured by the Minnesota Multi-phasic Personality Inventory in which the patient is given a choice ofanswers to each question. He might be given a list of health history ques-tions adapted from the Cornell Medical Index and to which he answers"yes" or "no." The answers are rapidly converted to computer codes andcompared with prescribed standards already filed in .the computer. Theresult is printed out as a tentative profile of the patient. This gives thephysician or psychiatrisz an excellent starting point and eliminates muchof the time-consuming nistory-taking tasks.

A highly successful variation of this method, developed both for normal,preliminary history-taking and also for use with certain types of psychi-atric patients, involves a patient's direct communication with the com-puter. The individual is seated before a simple keyboard and shown howto use it to "talk" to the computer. The medical worker then leaves theroom and the patient taps out his comments or replies and reads the com-puter's response on the printer or video screen in front of him. Withmany perfectly normal patients, as -well as with selected psychiatricpatients, this direct communication oft has proved far more informativethan initial face-to-face discussion of symptoms or problems. This methodalso has spotlighted many of the numerous semantic problems that besetthe whole field of psychiatry and, to a lesser degree, medicine, sincemost of the programing necessarily revolves around the various meaningsof words. This une-...pected information has in turn assisted the profes-sions in their own research.

DIAGNOSTIC PROBLEMS
When a patient shows symptoms that defy a ready diagnosis, the physi-cian often turns to other case' histories. But cases are filed by diagnoses,not by symptoms. Therefore, to find cases that might show symptomssimilar to those of his patient, the doctor must leaf through dozens ofcasesfrequently with no success. Few doctors have time for that.
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By using the computer, however, all cases in the file can be scanned in amatter of seconds. This may be 1,000 or 5,000 cases. The physicianmerely writes out the key words of the symptoms that interest him, andthe computer instantly prints out the summaries and final diagnoses onall the cases in which the same symptoms are reported. Then, the physi-cian can obtain enough additional information from the computerizedcase history data (results of surgery or special tests) to enable him tocope far more quickly and effectively with diagnosis of his patient'ssymptoms.

In no instance, of course, can a computer actually diagnose any illness.At its pzak performance, the computer simply compares a patient's
symptoms with established norms and reports that the data from thepatient are or are not similar to those found in patients with specified
diseases. The computer is reporting what has been found in some otherpatients. This information must then be interpreted in the light of manyother factors. Only a physician is qualified to make this interpretation.
Personnel engaged in processing the medical data required for com-puter processing of symptoms and diagnoses ti.tust have a high order of
programing ability. In addition, they must have a thorough knowledge of
the various approaches to medical problems and the terminologies that
characterize each specialty. In some instances, the computer program
must even anticipate the patient's or the physician's use of words, which
means planning alternative computer actions for ll the words and phrases
that have ambiguoUs meanings.

Capitalizing on the fact that each medical specialty commonly uses its
own well-defined terminologies, medical personnel have been able todevise specialized patient-history forms on which the physician fills in
the appropriate word. These words are coded, as are the statements in
which they belong. Handwritten narratives are then required only forunusual findings.

With this material, the computer can record, compare, and print out thepertinent data of 100 cases in a few minutes, as opposed to the 15 physi-
cian-hours required to review the same cases and summarize the samedata.

Using a similar approach, the specialists in other clinics have developed
unique dictionaries of diagnostic terms for their respective -medical spe-cialties. Usually, several hundred synonyms can be reduced to less than
a hundred diagnostic phrases that are then converted to computer use.Since the unusual handwritten narrative material also uses the term-inology of the specialty, it can- be converted word for word to computer
language and subsequently printed out exactly as the narrative waswritten.

INTENSIVE CARE
Critically ill patients cannot afford the delay requirzA for the laboratory
tests that aid the physicians in. determining the next step in treatment.Time is limited. A heart attack, infection, or automobile accident hasbeen too great for the individual to absorb. Physiologically, his system is
completely unstable and death may be a couple of hours away.
To establish the vital facts about the patient's apparent heart attack, or
probable kidney failure, or possible internal bleeding, the physicians need
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tests. But at this point in a patient's life, with not a moment to spare,
physicians have simply had to guess. With the advent of the computer,
this serious handicap in treating the critically ill patient has been largely
removed. Through instrumentation, automated test .equipment is at-
tached directly to the patient and electronically connected to the com-
puter. Readings of the test results are taken on a nonstop basis, reported
directly to the computer, and the results are immediately displayed on a
video screen at the patient's bedside. Other information about the patient
can be entered into the computer at any time by medical personnel, using
a bedside keyboard, and all of the information can be summarized on
command and either printed out or shown on the screen.
This method enables the medical team to see at a glance what is going
on in the patient's system and to compare the present situation with the
one of 10 minutes ago, an hour earlier, or any other past time. In this
way, the effect of treatment also can be seen and guided almost as it
Occurs.

Near the intensive care unit is the computer room which serves as the
nerve center for the thousands of electronic signals coming from the con-
tinuous operation of the automated equipment attached to the patient.
Functioning 24 hours a day, the equipment is manned by technical per-
sonnel who are highly skilled in computer troubleshooting and are thor-
oughly familiar with medical and hospital procedures in general and
with the demands of the intensive care unit in particular. The medical
familiarity is usually developed on the job since the paramount impor-
tance of these workers lies in their ability to operate and troubleshoot
computers.

AEROSPACE EcolcIri
A sharp contrast to the critically ill patient in the intensive care unit is
the astronaut, circling the earth in a satellite ship. Built into his carefully
designed space suit are recorders of the cabin's gravity pressure, air
temperature, and humidity, along with devices that record the pilot's heart
actions, blood flow, and many other physiologic conditions. These
tronically recorded signals are constantly beamed back to the launching
site and entered directly into computers for immediate processing. A
split second after the signals reach the computer, complete analysis of
the pilol's health data is on the video screens and printers for evaluation
by the aerospace medical team. This continuous stream of information
enables the aerospace physicians to radio instructions to the astroraut
at the first sign of potential physical difficulty. As in the hospital com-
puter room, aerospace medical computer personnel must understand and
anticipate medical action in order to work effectively with the physi-
cians, both in the planning and checkout stages and during actual flight.

=LIN IC AL. LA 13 RATON INS
Use of the computer in the clinical laboratory reporting procedures has
had a dramatic impact on the flow of information into and out of the lab-
oratory and has eliminated a great deal of formerly essential paperwork.
Accuracy of reporting is improved. Rapid evaluation of the effectiveness
of new techniques is now possible. And computerized information also
provides daily reports of such vital medical matters as the incidence
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of bacterial infections in the hospital, or the patterns of laboratory test
results following administration of specified drugs to patients.
The diagram on page 13 illustrates the new information flow in a typical
institution that has converted laboratory data to computers.
Computer reporting processes have necessarily effected major changes
in the planning function of the CHIEF MEDICAL TECHNOLOGIST,
and the addition of a MEDICAL ANALYST-PROGRAMER to the staff
(often a former Medical Technologist) is generally required. Beyond
that, the changes in personnel duties are minimal. All of them simplify
and expedite the necessary tabulating, verifying, and reporting of tests
as well as subsequent analyses of laboratory results that are part of suc-
cessful laboratory operations. Above all, the test results are now in the
patient's medical record on the same day the test is performed and often
within an hour of the request from a physician.
There are, of course, marked changes in many tasks of laboratory per-
sonnel, but these are due to the use of automated equipment. Chemcal
studies that formerly required skilled Medical Technologists working a
full day are now performed by machines in a fraction of that time. Re-
sults are recorded and, through electronic hookups, are entered directly
into the computer.

Automated equipment is welcomed by most laboratories as the only
means of keeping up with mounting workloads. The trend is clearly in
the direction of hiring MEDICAL LABORATORY ASSISTANTS who
A Medical Technician operates automated equipment.
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perform routine, repetitive tasks, and proportionately fewer but more
highly skilled Medical Technologists who are knowledgeable concerning
automated equipment and computer recording methods.
This proportionate reduction of Medical Technologists in each computer-
related laboratory is, however, amply offset by the ability of the estab-
lishment to handle greater workloads and by the growth of centralized
and regular laboratories.

FoHAL IRMA AO V
Each day, a hospital pharmacy of moderate size will compound and dis-
pense a thousand prescriptions and will fill innumerable orders from
wards and laboratories for medical materials such as bandages, sterile
solutions, and stock reagents. By law, drugs must be accounted for to
the last dram or grain. Labels must be absolutely accurate and there is
no margin for error. The daily recordkeeping for all these essential iunc-
tions is necessary, complex, and extensive.
Among doctors there is constant concern about drug orders that are inad-
vertently duplicated by different physicians or specific drugs ordered
through oversight for patients who should not have them. For example, a
patient in the emergency ward whose medical record is not immediately
available could be given a drug that conflicts with another medication he
is already taking. In the computer controlled pharmacy this could not
happen.
Inventory control is another area where errors can have serious conse-
quences. No hospital can afford to be overstocked, yet none can risk the
danger of a temporarily bare shelf.
Resolving these problems requires systems analyses of the different pro-
cedures in surgery, the clinics, medical wards, and other departments
where pharmacy products are used. These significant elements are then
incorporated into computer systems that contain information about the
patient's current medications, allergies, and diagnoses of prior illnesses.
Also incorporated into the system are the procedures concerned with the
pharmacy's dispensing and inventory functions. Under such a system, the
pharmacist then merely types the order or prescription on a console
keyboard. This is immediately flashed on the nearby video screen, along
with a warning if the patient is already taking the same, or conflicting,
medication. Also shown is the drug lot number and other data for in-
ventory control and billing. The pharmacist corrects any errors, and
presses a key to veriiy the order. Computer peripheral equipment
promptly prints out the medication label and performs the necessary
bookkeeping, inventor'', and billing tasks. Upon electronic command,
each nursing station 7..1so receives summary printouts of all drugs ordered
in the past 24 hours at that station. This one printout eliminates three
time-consuming clerical tasks at each nursing station.

ETIETIOS
The very nature of food and nutrition lends itself to computer manage-
ment. Proteins, amino acids, calories, the size of food portions served to
patients and to hospital coffee shop visitors, and even the purchasing of
foodstuffsall are treated in terms of quantities. These pounds, calo-



ries, micrograms, and other units are readily convertible to computer use.
Therefore, the conversion of many food problems to computer mathe-
matics is relatively easy, as are subsequent manipulations of the data.
As always, the Dietitian interviews the patient and carefully prescribes
food in accordance with the doctor's specifications. But now she simply
writes down either the specialized daily intakes of nutritive elements or
allowable total intake. The computer correlates this data with the cur-
rently planned menus and available foods. This eliminates hours of
mental drudgery for the Dietitians who can well use the time for other
matters. A variety of computer printouts used by kitchen and ward per-
sonnel eliminates hours of clerical time formerly spent duplicating this
information.
The Dietitians, of course, must understand the principles of programing
and the limitations of computers in order to recognize and correct pro-
gram errors and to utilize computer methods to their greatest advantage.
However, since this medical area does rely so heavily on quantifiable ele-
ments, there 'is scarcely any problem inherent in the data to be pro-
gramed. The program generally is worked out among the Dietitians and a
computer specialist.
The effect of computerized approaches on hospital kitchen procedures
has not altered the duties of kitchen personnel to any appreciable extent.
But new personnel in the form of a Keypunch Operator or Telegraphic-
Typewriter Operator is usually necessary. It should be noted that in this
one medical areadieteticspersonnel knowledge of medical proce-
dures and hospital practices is not a prerequisite for success.
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ineleDICAL FCECOFIDIS
The most important information in any hospital is known informally as
the patient's "chart," and consists of the patient's medical history, the
medical, surgical, and laboratory findings, and the various diagnoses and
treatment records of each visit and each difficulty. In addition, this
manila file folder contains -all the legal docuinents required by the hos-
pital for such purposes as recording births, operating en a patient, treat-
ing with radioactive substances, dietary data, medication reports, and con-
siderable other material, coming from virtually every department in the
hospital.
After the patient is discharged from the hospital, or between visits to
clinics, the folder goes to the medical records department where it is
studied by medical records personnel to assure completion of all necessary
items. Usually, a chart is not yet complete and must be either held aside
pending receipt of final studies or routed back to the doctor for the re-
quired information.
Key information is then abstracted from the completed chart by doctors
for the subsequent classification and coding that is a major task of
MEDICAL RECORDS LIBRARIANS. Correct summarizing of all this
data is vital to all future consideration of the information in each pa-
tient's chart. It involves sifting through a thick sheaf of papers and
condensing all the significant information into a few lines of standard
nomenclature. Being a tedious, time-consuming task, this is usually left
to the junior medical man, the intern, who probably will never have
occasion to use the results and therefore may not grasp the importance of
what he is doing.
This leads to inaccurate and incomplete summary davl--a mistake that
creates a chain of subsequent errors in classifications and codings that
may never be discovered.
These hicorrectly summarized case histories, together with those charts
that are being held aside somewhere, create a large margin of error in
searching the files for any- given tyne of history, diagnosis, or treatment.
A different, and overwhelming, medical records problem is that of finding
convenient filing space for thousands of file folders. While already short
of space, hospitals and clinics must find some way to store thousands of
new case histories on overloaded shelves. Moreover, since no one knows
when ny patient might return, all folders must be on the premises and
readily available at all times.
A complete conversion to computerized systems solves both the r.lassifica-
tion and storage problems and adds several new advantages. An excellent
picture of this dramatic change is shown by the new procedures at the
UCLA Hospitals in Los Angeles.

17



18

Here the MEDICAL RECORDS LIBRARIAN reviews patients' charts for
accuracy and completeness and selects the data to be entered into the
computer. Where words or phrases cannot be directly converted, syno-
nyms are selected from a specified list of words and meanings so that
the medical intent is clearly retained. These data, along with the full
text of the diagnosis, are then copied in natural prose onto special
forms. The forms then go to the keypunch personnel where the data are
punched and entered into the computer.
From that moment on, the data are available at the touch of a button.
This availability has proved invaluable in the emergency ward, where
doctors cannot wait for a chart to be located. For study, diagnostic, or
teaching purposes, the information on hundreds of patients can be ob-
tained immediately according to age, symptoms, final diagnoses, or any
other combinations of-pertinent data the doctor wishes.
Other elements of the medical record, such as dietary or pharmaceutical
information, gradually are being added to the computer "file" on each
patient. Eventually, all pertinent data about each of the thousands of
patients seen at the UCLA Hospitals and clinics will be available on
command and shown on video screens or high-speed printers stra-
tegically located throughout the buildings. Similar computerized methods
are being developed in numerous other hospitals and clinics throughout
the country.
Since the MEDICAL RECORDS LIBRARIAN is directly concerned with
the final responsibility for all records involving each patient, it is rapidly
becoming imperative that all medical record personnel develop a work-
ing knowledge of computer operations and computer limitations. For
whether the medical establishment has its own computer, or time-shares
or Contracts computer services, the techniques involving medical records
are the same.
Specifically, MEDICAL RECORDS LIBRARIANS need a working
knowledge of programing codes and techniques. Supervisory librarians
must now develop skills in determining what information is "hard" and
can be converted to computer codes immediately, and what information
is too "soft" for coding and must be clarified by the doctor before it can
be utilized.
Whether or not the initial input and output of information are in natural
prose, all information must be coded at some point for use by the com-
puter. This means defining and quantifying all the data in some real-
istic way. Wherever definite labels, like names for parts of the human
anatomy, are concerned the task is not too difficult. But hundreds of other
medical words mean different things in different contexts, and physi-
cians must know the whole setting before the meaning is clear. So it is
in this area that the selection of summary words for coding becomes
critically important. Arbitrary decisions cannot be made.
For example, how can a complex variable like "anxiety" be entered in
the computer when the experts themselves do not agree on its meaning?
Or how can anyone determine at what precise point a headache becomes
significant? How can anyone pin down the various degrees of illness, un-
certain diagnoses, or unclear results of treatment? And yet all of this in-
formation must be quantified in some manner.
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To resolve these difficulties, physicians and the DIRECTOR, MEDICALDOCUMENTS compile a long list of synonyms to be utilized by the in-terns and librarians in summarizing and classifying data. Each synonymis coded to one specific meaning, and the workers select the appropriatesynonym according to the intent of the medical data at I-and.
Noting that this is not always satisfactory, medical personnel are begin-ning to pay much more attention to precision of thought and language,so that their observations gradually are becoming more systematic. Butso long as the English language remains fle-.ible and dynamic, accurateconversion of medical records information to computer codes frequentlywill challenge the best minds of physicians and librarians.
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Computers are being used extensively in all branches of medical re-
search, ranging from studies of brain activity to growth rates of cancer
cells or the biophysics of ulcers. Many research projects rely on the
unique advantages of the analog computer; others require the digital
computer; and many more use both, either through the use of an analog-
to-digital convertor, or by designing a special hybrid machine.
Therefore, workers in medical research must be thoroughly familiar with
the demands, limitations, and advtmtages of the various kinds of com-
puters. In many instancec, the ecific computer available shapes the
whole plan of a project.
Research use of analog techniques consists of mathematical simulation of
an environment in which event:: occur over a period of time, just as they
do in the life processes. Mathematical formulas are worked out for the
basic data that are known, and another set of equations are designed to
represent the variables and the unknowns. The basic formulas are pro-
gramed into the computer at the start of an experiment, and the var-
iables are odded to this data in real timeeither as a direct part of an
animal 4..,xperiment, or as an estimated part of a theoretical experiment.
Then the results are studied to see, by analogy, what comparable action
might have been going on in those aspects of the life situation that can-
not be measured directly.
The analog procedures can be adapted easily so that ,the computer liter-
ally becomes part of an experiment. In an experiment concerning brain
.waves or sleep reflexes or any other biological state, measuring instru-
ments are connected electronically to the computer. Receiving masses of
these signals, the computer analyzes and evaluates and gives the investi-
gator a moment-by-moment report of the biological activity. Guided by
this running report, the investigator can change the course of .the experi-
ment on the spot.
On the other hand, digital computers are ideal for manipulation of static
data, such as various hospital workloads, definite descriptions of medical
conditions, and laboratory results. Here, too, the data may be rear-
ranged or changed at will, but digital mechanisms do not allow for ma-
nipulation of unexpected or varying unknowns: All storage and retrieval
of information, of scourse, must be processed through the digital com-
puter; analog computers cannot handle this essential part of any experi-
ment.
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Results from any computer, or combination of types, can readily be madeavailable graphically, either on video screens in the form of line chartsor graphs, or through high-speed printers.
Whether analog or digital, however, all research applications of com-puter techniques follow the same basic pattern and require the skills ofmost members of the research department, together with selected com-puter specialists. Unlike other areas of medicine, research proceduresrequire considerable preliminary work before the basic seven steps incomputerizing can occur. A simplified diagram of the medical researchworkflow is on page 22.

MOM EIDICAL. ENG INEEIRING
Struck by the similarity between chemical process plants and the humanbody, chemists and chemical engineers have become deeply interested indesigning substitute orc,ans for the body. Working closely with physi-cians, these teams hr.ve designed successful artificial kidney mael'iinesthat are well received by hospitals; and wearable artificial kidneys arecurrently being developed.
Engineers from other specialtieselectronic, mechanical, and evenhydraulichave also been challenged by biomedical problems and arecollaborating with physicians in this new field of biomedical engineer-ing to devise other badly needed devices. The tiny electronic gadgets thatstimulate and regulate heart action (cardiac pacemakers) are one ex-ample; and various artificial heart valves and pumps are no longer un-

-

common. Meanwhile, work proceeds on the research necessary to developa workable artificial heart.
Turning to the problem of powering the various devices, these cross-, industry teams have become interested in the possibilities of using radiofrequencies, nuclear energy, and piezoelectricity (the use of crystals thatautomatically convert the mechanical energy of bodily motions directlyto electrical impulses).
Computers are indispensable to the whole field of biomedical engineer-ing. They are utilized at every stepS of the research, and again later toanalyze the activities of instruments once they are hnplanted in thehuman body. The use of simulation techniques on the analog computeris common and somewhat easier than in other medical specialties be-t- cause of the intercst here in weights and viscosities of fluids, pressuresof flows, sizes of organs, and other measurable factors.

Effective analysis, both of the raliability of medical data and of computerprograms. is greatly enhanced by the prezision of language necessaryto biomedical engineering. Moreover, workers do not encounter muchdifficulty in mastering computer techniquesif, iLieed, they are notalready skilled throuet theft university training.,
This new field of biomedical engineering is growing rapidly, but it isstill occupied entirely by professionals whose training and experienceare mixtures of various disciplines. Subordinate personnel such as Pro-gramers, however, should be individuals who were trained previously insome medical area.
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MEDICAL RESEARCH WORKFLOW-

- FORMULATION OF RESEAft,91:1,PROBLEM
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- -
SORTING AND CLASSIFYING DATA
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FORMULATION OF COMPUTER PROGRAM
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(Planning, programing, coding, punctting,cSrds, dr typing
data on-line to computer, trial runs, error corrections)

PROGRAM VALDATION

' DESIGN OF
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EXPERIMENTS
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acameraikLa
Published research articles are one of the lifelines in all the medicalsciences. Every specialty has its own, worldwide satellite publications,and there are many additional journals of general medical interest.
Currently, some 5,000 different journals are published, and any largemedical school subscribes to several hundred of them. But despite thebest efforts to keep up with this flood of information, physicians andresearch personnel cannot know all the developments in their ownfields of interest. This simple lack of information creates one of themost serious problems in medical research. Computers are the idealtool to pull this damaging lack of communication under control. In thisinstance, computers serve as giant files of data that can produce all speci-fied information in a few minutes.

At the National Library of Medicine in Washington, D.C., the massivefiles of bibliographies on all medical subjects are converted completely tothe Medlars computer systems. This method permits medical libraryusers throughout the country to obtain complete listings, within a fewdays, of the published articles pertinent to their interests.
To complement this resource, various department-6 of university medicalscbools are also establishing their own computer files of medical researchabstracts as well as bibliographies. In this way, they have more data thanjust the title of an article. And they are free to use more flexible com-puter systems, such as the natural prose method, which enableS them tofile and retrieve data more readily.
However, both advanced semantic skill's and a solid medical sciencebackground are required to condense and code medical informationfor either filing data into the computer or processing requests to retrieveit. A computer cannot be asked, "What do you have on heart disease?"Instead, there must be a series of highly restrictive, discrete words thatconvey the precise meaningsfirst, of the published material, and sub-sequently of the individuals wishing to search the computer file for speci-fied information.

At the National Library of Medicine, the assignment usually is confinedto coding titles of published arlicles. But at the universities, where datasummaries are also filed into the computer, there are more semantic andmedical complexities to resolve. Essentially, it must be determined howmuch of a recognition pattern exists for each key summary word in themind of the theoretical reader, ln view of the increasing dimensions ofknowledge and observations in all medical science fields, this selectionof words is a complex matter. That is why the work of summarizing andcoding information normally is assigned to an INSTRUCTOR, RE-SEARCH, in each department. He trains clerical personnel to assist himbut retains authority to approve all summar3es. Typically, he is also theperson who enters dr- data into the computer by utilizing a video screenkeyboard.

IPLIPIBILIC HEALTH
Both local and national public health agencies are directly concernedwith a broad spectrum of threats to a community's health. For example,these agencies must be ready for immediate action at the first sign of
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typhoid, tuberculosis, or numerous other contagious diseases; they must
enforce the sanitation standards that protect a community's health; and
they must remain constantly alert to the potential threat of animal and
insect disease carriers.
Computers are being utilized more and more to assist in planning and
to teles,:ope the time and paperwork involved in making and keeping a
wide variety of reports and records.
Analog computers are being used to great advantage in the simulation of
the normal interaction between organisms and their surroundings. This
greatly facilitates the planning required to control the spread of any dis-
ease under normal conditions (no matter how it is transmitted), and in
the event of floods, earthquakes, or other disasters.
Digital computers are proving invaluable in planning and keeping track
of local sanitation inspet Tions and activities of the public health hos-
pitals, and in the numerous business aspects of the public health agen-
cies. Plans are also underway to utilize digital computers to screen elec-
trocardiograms for signs of abnormal heart action, so that ultimately
there may be widespread, free electrocardiograms for the publicjust
as there are now free X-rays.
To date, these computer-oriented changes have not added significant new
job requirements for most -workers in the field, of public health. How-
ever, the computers slowly are eliminating many routine clerical jobs.
This pattern of job elimination is very similar to the one that has already
occurred in many businesses and industries.

THE VETERANS ADNIIIINISTNATION
The Veterans Administration is the only large medical facility in the
country that provides three distinct kinds of care at the same time, and
frequently on' the same premises. There is the residential or domiciliary
care; treatment of long-term physical or mental illness; and manage-
ment of acute hospital cases.
All told, the VA has 124 general hospitals; 41 psychiatric hospitals; 16
domiciliaries; and several related medical activities, such as community
home nursing services, and medical care provided in conjunction with
State or local agencies.
A veteran may find that he requires one or all of these services over a
period of time; and it is equally likely that he may receive treatment at
one location, and then suddenly apcear at another, a thousand miles
away, requesting emergency medical help.
In view of the scattered locations of the facilities, the different kinds of
care provided, and the various data needed by administrators, counse-
lors, physicians, investigators, and other workers, it is not always easy
to get the right patient information at the right time. The medical rec-
ords problems faced by any large hospital are multiplied many times
over at the VA, despite continuing efforts to control them. For these
same reasons, efforts to compile the most useful medical statistics for use
by Congress or other Federal or medical purposes have also been diffi-
cult.
However, digital computers are beginning to prove highly useful in both
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processing and summarizing data. Moreover, personnel already engaged
in various medical and psychiatric activities at VA establishments have
been readily trained to do preliminary analyses of data. To date, these
compilations are forwarded to an electronic data processing center for
programing and coding. As more and more of its own personnel can be
trained, the principal VA facility engaged in this conversion of data will
transfer much of the necessary processing to its own staff. And this in
turn will create new openings for programing and coding personnel.
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EDUCATION
In addition to providing ways of solving many problems, computers are
directly responsible for several signal changes in medical education.

Not only new courses, but whole new departments have been estab-
lished in medical schools across the country. Following in the footsteps
of the pioneers who mastered two or more separate disciplines (such
as mathematics, neurology, and biochemistry) in order to utilize the im-
portant advantages of computers, medical schools and universities now
have such departments as biomathematics, bioengineering, and biu-
physics. Usually under the wing of the medical school, these depart-
ments are designed to help fill the growing demands for scientists who
can synthesize mathematics, statistics, and the biomedical sciences. In a
number of medical schools; the curricula include at least 1 full year of in-
tensive work, utilizing computer methods, to help bridge the gap be-
tween mathematics and medicine. Medical students learn not only how
to manage computer procedures already in operation but also how to
plan and execute their own rudimentary programs.
On the undergraduate level, many universities and colleges have insti-
tuted extensive courses in computer problems especially designed for
students in chemistry, psychology, the life sciences, and pharmacology,
as well as the engineering specialties, such as bioengineering, that now
are being utilized in solving medical problems. The impact of computers
in all these areas has created a continz3ing demand for professional
workers who can apply some of the enormous computer capabilities in
combined efforts with medical scientists. This in turn has had a marked
effect on the thinking and planning of educators, as well as the leaders
of the professions close to medicine. Most of the occupational doors still
open to fledgling scientists who cannot work with computers will be
firmly closed within the next 10 years.

In addition, few junior colleges and universities are beginning to meet
the increasing medical demand for workeis, stich as Programers, who
do not need an advanced degree, but who do need a medical orientation.
Excellent business programing instruction has been available to some
degree for a number of years, but this is not adequate for workers in the
field of medicine. As pointed out elsewhere, Programers have not been
able to transfer their skills from business or government work into
medicine.
This medical orientation cannot be obtained through terminologz and

ti
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survey courses alone. It must include firsthand experience. There is noother way to provide a good grasp of necessary hospital procedures andthe medical reasoning necessary to grapple with a constant mixture ofvery precise facts and unknown and unpredictable factors.
In high schools, a few scattered districts are beginning to respond to theneed for medical clerical workers, such as those engaged in medicalcoding or operating the computer console, and to the need for workerF,engaged in instrumentation and repair or construction of medical equip-ment.

The clerical workers need to know the elementary facts of medical pro-cedures and ain, together with the computer's abilities and limitations,in order to avoid the serious errors that otherwise occur. It has beenfound that this information can be successfully taught in high school, inthe same manner that "Business English" has long been taught.
Entry-level craft workers who have learned the practical aspects ofchemistry, biology, or other health science in high school are in consid-erable demand. Given this knowledge, workers in the specialized fieldsof plastics and resins, plating, coating, and painting unusual materialsunderstand the basic theories in back of their work, and so avoid costlyshop disasters.

In both clerical and shop work, employers will train workers who havethe appropriate high school background. However, most of these em-ployers have only moderate-sized businesses and have neither the train-ers nor the time to teach medical terminology and computer ke;boardoperations on the one hand, or elementary, applied science on the other.

THE SIMULATORS
Computers have not only changed worker duties (and therefore teachingaims) but they also have permitted a revolutionary advance in medicalteaching methods through the use of Simulators. These are electronicallypowered, computer-controlled models of various portions of the humananatomy. The first one was designed jointly by the University of South-ern California, Aerojet General Corp., and the Sierra Engineering Co.,and is a life-sized and lifelike model of a human torso and head. In op-eration since March 1967, the robot-model is designed to substitute forany live patient under anesthesia, and solves the age-old medical problemof training students without endangering patients.

Programed into the computer are all the possible reactions that occurduring the three stages oi anesthesia, plus all the specific reactionscaused by known physical complications, such as asthma, high bloodpressure, or cardiac problems.
Located in a mock-surgery, the Simulator is preset, through the com-puter, to respond to whatever is administered to it in exactly the sameway any specific type of patient would respond. Student anesthesiolo-gists apply the actual preliminary and principal anesthetics to therobot, including the insertion of the breathing tube into the "patient's"airway. They watch the "patient's- respiration and muscular reactions,and observe dials of pertinent equipment to determine their own nextactions. A student error creates the same serious reaction in the "pa-tient" as it would in actual life. The student must then handle the emer-
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gency, but if the "patient" dies, no harm is done.
In addition to these automatic responses to the student's actions, the
Simulator is programed in such a way that the instructor can present
any of several emergency situations merely by adjusting two or three
knobs. Or the instructor may stop the action altogether and obtain an
immediate printout of all the physical responses that can be used for on-
the-spot review.

Prior to March 1967, the only way a student could master the ai-t of
anesthesiology was through direct, supervised practice on patients. Two
or three years of such practice was required to give a resident sufficient
experience to cope with the range of problems he would meet from then
on. This training time has dropped to 2 or 3 months, using the Simu-
lator; and there is no risk to the patients.
Fifteen Simulators are now planned for other parts of the human
anatomy, and will be used to train paramedical as well as medical per-
sonnel. Available 24 hours a day, and offering endless possibilities of
"symptoms" and "reactions," the Simulators will clearly alleviate the
major problem of finding 56,000 patients each year whose conditions
can be utilized to instruct some 224,000 persons.
A medical resident applying anesthetics to computer-controlled patient Simulator

Photo courtesy of Aerojet-Guneral Corp.
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EMEIRO11110 ..101:11 TRENDS
The demands and advantages of the computer have created new blends
of skills and knowledges at all levels of medical jobs. Many have settled
into well-defined sets of duties, and these are described at the end of this
brochure. But uthers are still prototypes of emerging occupations, and
none of tHse has sufficiently crystallizedeither in duties or in worker
specificationsto warrant job descriptions. Nevertheless, they help de-
lineate the. major trends ot the computer-related jobs that are rapidly
developing, and are therefore described in the following paragraphs.

At the top, a new specialty has emei -ed: The computer scientist. This is
a widely educated person with an extensive background in mathematics
and computer functions, as well as graduate education in one of the
biological fields. Pioneers in the medical-computer field developed this
specialty on their own, but today the degree of Ph.D. in computer-
sciences is awarded at Stanford University, Carnegie Institute of Tech-
nology, Columbia University, and elsewhere. With this degree, the com-
puter scientist may enter business, industry, government, or medicine,
and be given any of a wide variety of job titles. Those that enter medi-
cine usually do so through the new field of biomathematics, bioengineer-
ing, or the older one of biochemistry. They are concerned with re-
search problems or clinical applications, or both, and usually serve as
planning consultants for doctors and paramedical personnel.
An offshoot of the computer scientist is the medical information scien-
tist. Still sparse in number, these pioneers are concerned with informa-
tion theories on one hand and medical knowledge on the other. The job
titles vary, as do the academic backgrounds, but in general these indi-
viduals have combined trair:Ag in the life sciences, social sciences, in-
formation science, and medicine. Their purpose is to develop and apply
effective methods of translating medical data for computer use, and they
follow the information theories to do it.

"Information theory" as presently defined has to do with the recognition
of patterns which reduce the equivocation as to the next letter or word,
or the next idea, contained in any published material.
On a lower level of job hierarchies, a pattern is also beginning to
emerge in some of the clerical jobs closely associated with computer
printouts. Here, the workers must have thorough familiarity with the
laboratory, medical recoids, or clinic procedures in order to recognize
and rectify illogical computer entries. Some of these workers also type
puncbuards for direct use by computer equipment. Others, on a higher
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salary level, also design new forms and worksheets for recording the com-
puter data, maintain master indices of specializzl terminologies, and
translate requests for computer information.

At the near-entry level, clerical jobs are beginning to emerge for work-
ers who can learn, quickly, to type dictation or copy medical material,
using the magnetic tape typewriters. The machines may or may not be
connected to computer peripheral equipment. These workers may also
type material directly into the computer, using a special typewriter.
Workers who do utilize this typewriter must also master the use of vari-
ous computer language programs in order to enter or retrieve appropri-
ate dato. h i s normally involves knowing when to switch from a mathe-
matical mode to, say, an informational mode and then to a comparison
series in order to properly manipulate the data to be entered or re-
trieved. To do this successfully requires a clear understanding of pro-
gram content and programing logic and limitations. Otherwise the work-
ers would become hopelessly confused by the computer responses. In
the technical area of computer operations, the personnel are essentially
the same as described in "Occupations in Electronic Computing Sys-
tems,"1 except for those separately discussed in this brochure.

MEDICAL SYSTEMS
ANALYSTS-PROGRAMERS
lrn all the medical health sciences, the most sought after man is the one
who is involved with medical systems analyses and/or programing. The
titles and duties of these jobs vary considerably, depending on the size
and goals of the medical department concerned. But essentially, the
worker must analyze procedures, evaluate key data according to medical
principles, and then plan the necessary programing. Occasionally, the
worker constructs the program, utilizing advanced programing skills.
More often he collaborates with a trained programer to create a new
program for the purpose at hand. Prepackaged systems have not been
successful. The demand for these workers well exceeds the supply, and
the gap is expected to widen, even though salaries are comparable with
Programers and Systems Analysts in business and industry.
However, workers with adequate basic skills acquired through experi-
ence in business, or industry have not been successful in transferring
their abilities to the medical fields. Successful programing rests first on
the individual's grasp of the medical orientation, and only secondarily
on programing skill.

Therefore, most medical employers now look to their own personnel for
these jobs and no longer try to train skilled Programers or analysts in
hospital procedure6. It has been far more effective to train a nurse, or
Laboratory Technician, or MEDICAL RECORDS LIBRARIAN in the
skills and techniques of programing and systems analyses.
Of the variety of jobs currently found in the medical programing and
systems analyses work, three are representative of the range of duties
presently encompassed. These are described in the following pages as
MEDICAL SYSTEMS ANALYST, COMPUTER; MEDICAL REC-
ORD PROGRAMER-ANALYST; and MEDICAL ANALYST-PRO-
GRAMER.
1 "Occupations in Electronic Computing Systems," 1965, Bureau of Employment Security, U.S.
Department of Labor.
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The occupations described in this brochure are the basic occupations di-
rectly concerned with medical applications of computers. Like the field
itself, however, the occupations are expanding and developing, and the
hiring requirements are not yet fully standardized. As a result, a certaln
amount of apparent overlap in duties may be noted, but in these in.
stances the degree of sp2cia1ized medical knowledges varies sharply
enough to warrant separate mention. The information about each job
was gathered from several sources and therefore xeflects a composite
picture. To gain the most from these descriptions, they should be used
only as guides to any individual job.
More jobs in the medical field will be associated with computers as the
use of computers becomes even more widespread. The existing trends
that can be seen clearly at this date are delineated in the preceding sec.
tion but this is such a fast-changing field that new trends will continu-
ally develop for the next few years.
The job descriptions are arranged in alphabetical order. In some case's,
other titles or alternate titles by which the same job is known also ap-
pear in small type at the head of each description. Below the title is the
code number pertinent to the Third Edition of the Dictionary of Occupa-
tional Titles. Being new jobs, or new combinations of old skills, none of
these jobs is yet to be found in the Dictionary of Occupational Titles.
However, the code number will assist anyone who wishes to relate the
occupation to the Dictionary's classification structure.
Occupational DefinitionThis provides a brief description of the duties
involved in a particular occupation. It provides an understanding of the
tasks that are performed, and the skills and knowledge that are neces .
sary to the performance of those tasks.
Education, Training, and ExperienceThis section provides an indica-
tion of the amount of education and the level of training and experierice
usually required by management for employment in the occupation. As
previously mentioned, the various occupations and their qualifications
are not standardized, and considerable variations exist among employers
as to required education, training, and experienbe. However, an attenint
was made to indicate the range of such hiring requirements.
Worker TraitsThis section provides some estimate of the worker trait
requirements pertinent to the specific occupations. It has long been be.
lieved that the ability of an individual to adjust to specific types of
work situations is as significant as the education and training qualifiea,
t-L-is he brings to the occupation. This seems particularly significant
when dealing with a group of relatively new occupations. Consequently,
judgments have been in terms of a number of components consisting of
aptitudes, interests, temperaments, and physical demands and working
conditions to which individual workers have toadjust. A listing a-nd
definition of each factor for the various components is contained in the
Worker Traits Section on page 80 of this publication.

AptitudesThese are the specific capacitiec or abilities required Of
an individual in order to facilitate the learr;ng of some task or dutY.
This component is made up of 11 specific aptitude factors, and is a
modification of the aptitudes contained in the General Aptitude Test
Battery developed in the U.S. Training and Employment Service.
Those aptitudes were selected which seem to be significant in the
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occupation and were identified in terms of specific work situations.
The factor of intelligence, however, was not rated because of the
difficulty in writing meaningful descriptive statements.

InterestsThis component is defined as a preference for a partic-
ular type of work experience. It consists of five pairs of bipolar fac-
tors, arranged so that a preference for one factor in a pair generally
indicates a lack of interest in the other factor in the 134ir. Those fac-
tors were identified which seemed to be significant to the job in ques-
tion, and were identified in terms of specific worker situations.
TemperamentsThe temperament component consists of 12 factors
defined in terms of specific work situations that suggest different
temperament trait requirements. Each work situation describes a type
of activity that demands a different adjustment on the part of the in-
dividual worker. Those temperament factors were selected that ap-
peared to be significant to the occupation, and were identified in
terms of specific work duties.
Physical Demands and Working ConditionsThis refers to (a) the
physical activities required of the worker; and (b) the physical sur-
roundings which make specific demands upon a worker's physical
capacities. There are six physical demands factors and seven work-
ing conditions fectors. Those factors were selected that were signifi-
cant to the occupation in the sense that they met established criteria
for successful performance.
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DATA HANDLER
213.582

OCCUPATIONAL DEFINITION
Receives prepunched and mark-sensed cards concerning medical his-
tories or laboratory studies from outpatients and technicians in clinic,
. ad processes cards for immediate or batch entry into hospital's com-
puter system:
Scans decks of computer cards submitted by patients and technicians
to detect machine errors of double-punching, or incorrect spelling. Key-
punches correct new card and inserts it in deck. Places deck in repro-
ducing machine to obtain master punched card. Routes card through
pneumatic tube to computer personnel or inserts cards into card reader
for entry into computer system. Examines jammed machines for bent or
warped cards, or improperly stacked decks, and corrects difficulty. Re-
ceives and sorts patient questionnaires by color code and routes them to
keypunch personnel for immediate processing.
Receives emergency printouts from online computer recordings of abnor-
mal test results concerning clinic patients, such as high blood pressure
or unusual laboratory findings, and contacts the head nuilse for prompt
attention to patient. Trains subordinate data handlers in operation of
peripheral computer equipment located in clinic, and gives them work
orders during high-speed operations to prevent delays due to conflict of
procedures. Before and after clinic hours, operates peripheral computer
equipment in computer room, such as optical scanning and electronic
interpreting machines.

EDUCATION, TRAINING, AND EXPERIENCE
The minimum requirement is completion of courses at a business school
that gives a certificate in mastery of various automated business ma-
chines, including the keypunch. Graduation from high school is highly
desirable. Work experience is not necessary, but employers naturally pre-
fer applicants who already have experience with the specific type of
equipment they use. Many employers also give a punchcard aptitude
test (devised b.)? IBM) to applicants before hire. One month of closely
supervised on-the-job training is provided by the employer.
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WORKER TRAITS
Aptitudens:
Clerical perception; for rapid scanning of punchcards to detect printingor punching errors.
Motor coordination to pick up and process all data received from apatient, completing the work within 21/2 minutes.
Manual dexterity is essential for rapid riffling of decks of punchcardspreliminary to stacking them in reproducing punch machine.

A preference for organized and routine activities, in order to processspecified types of data through keypunch and reproducing punch ma-
chines.

Tomparaments:
The -work of receiving, scanning, typing, and inserting punchcards intoine punch machine is repetitive, and must be performed according tospecific procedures. In addition, there must be a quick and intelligentresponse to the problems created by any delays in procedures, becausepatients, for their own safety, are detained on the premises until all on-line data is in the computer and the subsequent, immediate printouthas been reviewed by the head nurse.

lotryisiaaI Dormant:11s eineWorking Cons:MI.21nm:
Work is light, requiring standing and walking 4 hours daily while theclinic is open.

Reaches for and handles decks of cards and questionnaires; fingersswitches and keys to operate machines.
Near visual acuity to read copy and scan decks of cards for punchingerrors.

DIRECTOR,MEDICAL DOCUMENTSiPrincIpI MedicalRecords Librarian
OCCUPATIONAL DEFINITION
Directs af.tivities of hospital and clinic medical records department, andplans and directs conversion of patient information to computer system:Plans departmental procedures concerning such matters as completing,classifying, and filing patient records; fulfi//ing the various legal require-merits of patients' dor aments; and pr otecting the confidential nature of
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medical reports. Interprets hospital policies, State laws, and other regu-
lations to subordinates.

Analyzes patients' records to detect patterns of incomplete or missing
information, and establishes standards for forms used in labosratories and
clinics to assure recording of adequate information, in compliance with
State laws and other regulations. Evaluates effectiveness of new forms
and modifies them to improve accuracy or economy. Attends meetings
of hospital executives to discuss and resolve such problems as delays in
receiving physicians' reports, or conflicting priorities of requests for
medical documents.
Plans and directs medical records storage in computer system. Evaluates
documents in the light of computer requirements of brevity and precise
use of language, and determines medical phraseology and terms to be
utilized in converting specified data to computer language. Confers
with Programers and Systems Analysts to develop systems of numerical
and alphabetir:al coding. Directs subordinates engaged in recording and
translating data for use by computer, using knowledge of computer
software and hardware, medical terminology, and hospital and legal
regulations. Write:, and presents papers on application of computer
techniques to niedical records.
Approves departmental personnel selections, promotions, and discharge.s.
Gives lectures to classes of MEDICAL RECORDS LIBRARIANS.

Director, Medical Documents, examining punchcards and printouts of patients' records.

NV-



EDUCATION, TRAINING, AND EXPERIENCE
Graduation from an accredited school for MEDICAL RECORDS LI-
BRARIANS, and certification as a Registered Record Librarian are
essential. Experience should include 3 years as. a MEDICAL RECORDS
LIBRARIAN in a small hospital to gain a thorough knowledge of hos-
pital activities and problems as a whole. nd 5 more years of progres-
sive responsibility in the medical records ocpartment of a large hospital.
These 5 years should include at least 1 year as the head of medical rec-
ords. Additional, necessary training for this job involves at least two ad-
vanced courses in computer programing, and one course in the various
concepts and difficulties of developing software packages.

WORKER TRAITS
Aptitude's:
Verbal ability to read medical and computer terminologies, and to pre-
sent oral and written reports.
Clerical perception to read and understand phrases, words, and num-
bers rapidly and accurately.
Form perception to detect and understand slight differences in computer
flow charts and in medical or computer symbols.

Integre:fists:
A preference for business contact with others, to participate in confer-
ences with physicians and hospital administrators concerning problems
of medical records and medical phraseology, cad with computer spe-
cialists to clarify and resolve difficulties of converting data to computer
codes.

A. liking for technical activities to apply logic in resolving problems of
computer applications.

Tern p ram on ts:
Ability to perform a variety of duties involving personnel matters, medi-
cal records, and computer procedures.
Must be able to plan, direct, and control the accuracy of data and the
summarizing, loan system, and computerizing of all medical records.

Must be able to deal with subordinates to coordinate medical records ac-
tivities and with medical personnel to resolve problems of accuracy or
intent of phrasing. Must make judgmental decisions to interpret poli-
cies, evaluate records, and determine correct medical phraseology to be
used.

PhysicalI--Coomainds and
Working Conditions:
Work is sedentary.
Reaching and handling of medical records and computer printouts.
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Talking and hearing to instruct subordinates, resolve problems, and
confer with medical, administrative and computer personnel.
Near visual acuity required to read computer programs, flow charts,
printouts, and a variety of handwritten documents contained in medical
records. Color vision to recognize color codes used in medical records
forms.

PNSTRUCTOIR, RESEARCH
090.228

OCCUPATIONAL DEFINITION
Conducts university classes for undergraduate students, and plans and
conducts research concerning computer storage of information pub-
lished in worldwide scientific and medical journals:
Prepares and delivers lectures to students in neurophysiology, psychology,
or other scientific fields; and develops, administers, and grades examina-
tions. Directs research of specified undergraduates studying for advanced
degrees. Plans and conducts research on methods of evaluating, abstract-
ing, and programing published clinical or research reports for Ltorage on
computer tape. Consults dictionaries to verify range of terminology
meanings, and confers with specialists in information sciences to deter-,
mine most effective terms that will describe precise content of articles.
Compiles glossary of descitive terms. Reads programed abstract on
video screen of computer, and corrects errors, using online keyboard.
Hires and trains clerical personnel engaged in abstracting articles.

EDUCATION. TRAINING, AND EXPERIENCE
The minimum requirement is the degree of doctor of medicine, or a doc-
tor of philosophy degree in a biological science. Evaluating the wurth
and precise meaning of any published article in a scientific field of in-
terest requires a level of knowledge that can only be acquired during
the process of obtaining an M.D. or Ph.D. In addition to the advanced
degree, a minimum of 2 years is required to learn the specialized appli-
cati,-,s of computers in the biological sciences, and to develop effective
meth.:.-is of storing and retrieving scientific prose that is qualitative as
well as quantitative in nature, without altering the meaning of the
author.
Nearly every department of a computer-oriented university or medical
school has one of these jobs. Ordinarily, they are filled by individuals
who have obtained their advanced degree at the institution where they
are now assistant professors, but this is by no means a recruiting restric-
tion. Any ,z)erson with a scientific or medical doctorate who has also de-
veloped skills in semantics would be of great interest to the staff of a
computer-oriented university.

WORKER TRAITM
AptIte.rdwes:
Verbal ability to utilize the terminologies of medicine and mathematics,
and to analyze the semantic aspects of word usages in medical research.



Clerical perception to detect and correct errors in abstracted data andto read and correct computer entries shown on video screen.

Interests:
A preference for activiti<;s that are abstract and creative in nature, toapply principles of sema.itics and computer techniques to medical re-search problems, in order to develop new concepts and methods of con-densing data for computer use.

Temperaments:
Must be able to observe precise standards of advanced mathematicsand computer operations to develop and test methods of storing researchdata in computer. Must make judgmental decisions in develoning glossa-ries and in selecting sinCe words to substitute for meanings of phrasesin abstracting data for computer use. To apply computer techniquesand principles of semantics to conversion of research data to computerfile.

Physical Demands atria
Working Conditions:
Work is sedentary.

Reaching and handling books, documents, 9nd researcl material; finger-ing to operate keyboard of computer video screen console.
Talking and hearing to instruct students, direct subordinates, and con-fer with colleagues concerning academic or research matters.
Near visual acuity and accommidation to read research material andsubsequent abstract^. designed for computer use, and to read and correcterrors noted on the video screen.
Instructor, Research, using keyboard and light pen to add new report to computer map showingincidence al diseases.



INZTRUIMENT TIECHNICIAN
829.281

OCCUR/W:10NA.- DEFINITION
Tests, repairs, maintains, and modifies medical instruments and equip-
ment, sucb as automatic blood pressure monitors, respirometers, audi-
ometers, and serum auto-analyzers, using handtools, testing instruments,
and following manufacturers' specifications; and modifies instruments
to permit direct recording of instrument readings into computer:
Tests equipment for conformarice to specified voltage, frequency, and
other electrical characteristics, using oscilloscope, radio frequency me-
ters, and other testing devices. Inspects equipment for quality of solder-
ing, cracks, or flaws in hoses or bellows, excessive wear, and similar de-
fects. Disassembles defective equipment, using handtools. Test accu-
racy of all instruments at specified intervals, and calculates mean
values and standard errors for use in recording instrument readings.
Modifies components of automatic blood pressure monitors and res-
pirometers to per:nit testing of different patients in rapid sequence.
Studies clinic instrumentation and equipment to devise plans for rmalog
to digital conversion of instrument readings; and plans and tests meth-
ods of converting instrument readings directly to computer language for
online recordings, using knowledge of computer flowcharts and pro-
graming techniques.

EDUCATION, TRAINING, AND EMPERIENE
Two years of college are mandatory, with courses emphasizing tIlectri-
cal and electronic theories. Minimum experience is either 2 years in the
Armed Forces with work assignments heavily concentrated on the repair
and maintenance of medical instruments, or 4 years with a company that
manufactures and repairs medical instruments.

WOIRICEIR TRAITS
Aptittadoe:
Verbal ability to read and apply technical electrical and electronic
texts to the assembly or repair of equipmerl, and to read and utilize
programing lo'gic. Spatial perception to visualize relationships between
components of instruments, as indicated in rough layouts or technical
diagrams.

C1r1cal perception to read manufacturers' instructions without per-
ceptual errors, and to convert computer flowcharts to symbolic codes.
Manual dexterity to disassemble and reassemble medical instruments.

Interftesto:
An interest in working with things and objects is required in maintain-
ing and repairing Medical instruments. The worker also obtains consid-
erable satisfaction from the tangible results of his efforts.
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rBs p rarnonts:
Worker relies on professi.)nal judgment to plan modifications of instru-ments and to design new equipment to achieve specified purpose.
Repair and fabrication of medical equipment must meet exacting stand-ards of performance, and the work involved in writing programs to testequipment connections to computer must meet the standards of precisionrequired in all programing.

Physical nernands and
Working Condition's:
Work is light, requiring frequent walking to various sites of clinic, andfrequent lifting and carrying of repair tool kit. weighing approximately10 pounds.

Reaching, handling, and fingering are required to disassemble and re-assemble medical instruments, using handtools.
Visuai etti.ty is required to read instrument recordings, manufacturers'digrani d drawings, and programing flowcharts. Depth perceptionIF1 asscnibling instruments, and color vision is necessary to dis-tirry.nisb L:o3!--cded wires.

MANAGER,
Cansualurrect CENTER1b9.168

CW". U /PATIO 11111AL DEFENITIO N
Directs and coordinates methods of utilizing computer systems for thestorage and retrieval of medical and administrative data in a medicalcenter:
Confers with physicians, paramedical and research personnel, and hos-pital administrators to plan specific projects, such as the conversion oflaboratory or physical examination findings to computer system; or thedevelopment of techniques to abstract and program specified heart dis-ease data. Studies clinic procedures concerned with obtaining and re-cording medical information about nk,tients, and devises recommenda-tions for standardization of comp-;.ter input data. Directs Programers'preparation of medical.information program flowcharts and plans sub-sequent conversion of data tr comp;Iter format, utilizing professional ,judgment to select appropr:,..1--- .;ymbolic language.
Directs, through subordin,:;-:.,,, opt -atirg procedures in central computerreom. Confers with mee;,-a-, ;,,er-sonnel to improve utilization of central.equipment and remote rapw-ntput terminals lof-ated throughout medi-

,

cal facility, and to resol z,ioblems of compute,- timesharing of onlineoperations, or personnel procedures it: trans/riming offline data. Assistsin orientatim of medical personnel in computer science and applica-tions. Confers with ulanagement 4o esi:ablish priorit'es of computer proj-ects.
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Plans budget for operatior of computer center and equipmen located
at remote terminals, and submits it fo management for approv,..1. Inter-
views and hires new employees in computer center, approves pay raises
and promotions, and discharges unsatisfactory workers.

EDLICA.lcorm, TRAINING, AND EicF.ERIEmmE
A bachelor's degree in any of the life sciences, plus 6-1.-aduate-1evel
courses in mathematics and statistics. An approximate tntal of 1 year of
hospital experience in performance of almost any wax..., or clerical du-
ties is essential to gain the background information needed by this
worker. This experience can be part time and gained during school years.
With background knowledge of hospital procedures, 3 to 5 years of pro-
graming and program-compiling experience are required to learn the
various basic. program languages and to master the techniques of assem-
bling a new language. Six months to a year of on-the-job experience is
needed to master the intricacies of the company's present systems and
plans for newer ones.

WORICE Ft TRAITS
Aptitudes:
Verbalto translate technical terminology into terms understandable
to medical personnel, mn ?. to translate their intentions to computer per-
sonneL Numericalto rpply advanced mathematics in the planning and
evaluation of various computer programs.
Clerical perception to avoid error.; in rapid reading of computer pro-
grams and printouts.

Interests:
An interest in scientific and technical subjects to understand and cope
with the subject matter, of medical research areas and clinical informa-
tion about patients, coupled with a liking for business contacts with medi-
cal personnel and subordinate supervisors.

Tee rre p ram, 2s:
Worker plans, directs, and controls the operation of a medical institu-
tion's computer center. Numerous conferences and meetings are required
with medical and technical personnel in which information must be ex-
changed promptly and accurately. Worker relies on professional judg-
ment to determine equipment needs and broad allocations of computer
processing time, in order to process numerous kinds of data with vary-
ing priorities of importance. Worker also makes numerous riPrisions
based on factital data, as shown by results of test programs, results of
programing -..nadequate data, and similar factors.

IThys el tem ends awed
Wcor it iris Co reaMans:
Work is mainly sedentary, but occasior Al walking to computer r00/11 Or
to various hospital locations is required. Occasional lifting of computer
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run books, weighing less than 10 pounds, to examine printouts is neces-sary.

Talking and hearing is essential in communication with medical andcomputer personnel. Near visual acuity and accommodation are neces-sary to review statistical data and interpret charts and diagrams.

MEDICAL-
ANAILVOT-IPIROGIVAIMENAka rrainistrzatilr4e Arsaillynt020.168

OCCU ATIONA I- DEFINITION
Analyzes clinical laboratory methods and reporting procedures to formu-late computer programs for storing and retrieving test data:
Studies test reporting procedures to ascertain type of laboratory analy-ses to be performed and deadlines for reporting routine studies.
Confers with laboratory heads to defLizc, and refine both constant andvariable test report data, such as amount of hemoglobin in blood sampleor the bacteriological findings of a specimen studied at 24-hour intervals.
Prepares diagram showing steps involveoi in various tests, and developsmathematical equations representing test results, showing relationshipsof constants, variables, alternatives, aad other test components. Plansprograming fur computer language, or refers mathematical model todata-processing personnel.
Condm trial runs of programs, and confers with data-processing per-sonnel to correct errors.
Studies test routing procedures to ascertain the wards, clinics, and sur-geries that must receive routine and emergency reports before proceed-ing wih patient treatment. Develops new routing procedures for medicalpersonnel requesting laboratory studies and for laboratory personnel re-porting results, based on speed and direct communication facilities ofcomputer and related video screens and high speed printers. Conductstrial runs of new routing procedures to verify accuracy of data andtimeliness of reporting.

Plans revisions and modifications of data-processing procedures to re-flect changes in laboratory tests or test methods.

ED UCATION, TRAINING, AND EXIPEIRIENICE
The minimum academic requirement is a master's degree in mathe-matics. This should be accompanied by at least 5 years of data-process-ing systems analyses, 1 year of which must Le devoted exclusively tomedical applications of computer systems. The 1 year of experience withmedical systcms is never waived, no matter bow great the demand forthese workers might be or how skilled the applicant may be in businesssystems.
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wpm( E IR TRAITS
Apt nu clam:
Verbal ability to learn mathematical, medical, and laboratory terminolo-
gies.
Numerical ability to devise and apply differential equations and other
advanced mathematical techniques.
Spatial ability to plan diagrams representing the flow of requests from
medical personnel throughout hospital and clinic to the laboratory, and
the resulting flow of emergency and routine data from the laboratory.

From perception to identify, at a glance, the symbols utilized in pro-
graming and in higher mathematics.

I ntferewts:
A preference for technical activities to study the methods involved in
medical and laboratory testing.
A preference for abstract ideas is required to plan new computer-
oriented reporting systems.

112,hy%iI [Nem ars dis and
We:ark In ©and Maras*:
Work is sedentary, with occasional walking to laboratory or hospital
areas.
Reaches for and handles laboratory reports, flowcharts, coding sheets,
and reference texts.
Talking and hearing required to discuss medical aspects and reasons
for procedures necessary in laboratory work.
Near visual acuity required to read and write mathematical formulas
and coding.

OICAL acionlimm ICLEIRIc
219.382

OCCUPATIONAL- 0 IEFIN
Converts medical research data into computer codes, keypunches infor-
mation onto punchcards, and reviews subsequent computer printouts of
information to detect and correct coding errors:
Obtains electronic reco:rding tapes used in experiment, research log-
book, and other data from personnel engaged in medical research, and
reviews the information to ascertain the purpose of the experiment, ,and
to note any technical difficulties encountered, for use in subsequent in-
terpretation of computer printout. Abbreviates and lists the significant
research observations specified by the investigator, such as the patient's
responses, motions, ,or states of sleep, for conversion to computer codes.

Obtains data from computer personnel concerning amplitude of elec-
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tronic impulses pertinent to whatever computer program was utilized in
recording the exp..uimental data from the laboratory. Codes these ampli-tude numbers, the research experiment number, the headings and pa-rameters required, tape channels used, experimental difficulties encoun-tered, and the research data, utilizing program code book. Recordscoded data on computer loadsheet. Operates keypunch to copy codesfrom loadsheet onto punchcard and routes cards and tapes to coin-puter personnel for processing.
Reviews computer printout of experiment for errors due to keypunchedinstructions to computer, or to ornissiens of original data. Corrects
errors and keypunches new cards. Occasionally assists medical investi-gator or Progra mer in planning and coding new or modified programsfor medical research experiments.

EDUCATION. TRAttiatiVO, 11110 EXPERIENCE
Graduation from high school is desirable; either high school or businessschool training .in keypunch operation is mandatory. Three months ofon-the-iob training are provided by supervisor of computer personnel,and worker is closely supervised for the next 3 months.

WORKEN TRAITS
Aptitucloss:
Verbal facility to understand terminologies, mnemonic devices, and sym-
bols used in medical research and in computer coding.
Clerical perception to extract pertinent words and numbers from dara
and to read program code book instructions rapidly and accurately.

(It should be noted that while the coding and keypunching aspects
of this job are routine tasks, obtaining and abstra,..ting the data re-
quires initiative and intelligence, because no two experiments are
alike and no two medical research investigators follow the same
system of research notations.)

IrateramtIM:
Preference for activities dealing with things aud tbjects in abstracting
information from records and keypunching it onto cards. Worker also
enjoys the satisfaction of correcting errc.rs and seeing the final, finished
form of the compir er products.

Teernporeloriontas:
Must follow instructions closely, but these instructions vary widely, de-
pending on he medical investigator and the type of experimen: being
cooed. Unlike the coding clerk jobs business and industry, this job
does no t. typically include repetitive tasks, nor are they completed
quickly.
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Physical Dom an
and Warkiuig Con CI it ions:
Work is sedentary.
Reaches for and handles notebooks, logbooks, coding sheets, and other
forms.
Finger f. switches and keys of keypunch machine.

Near visual acuity to read handwritten notes and to write, type, and cor-

rect numerical codes.

IMI EDlCAL. ILAEICIFIATCIFIV
ASSISTANT II

078.584

OCCUPATIONAL- DEFINITION
Prepares patient specimens for chemical, serological, or hema;plogical

tests in clinical laboratory and performs related duties as instructed by

Laboratory Director:
Centrifuges blood samples and pours sera into sterile vials, using asep-

t..3 technique. Assigns patient specimen number from log book, labels
serum, and copies number onto prepunched data-processing cards for
subsequent recording of test results. Places numbered specimen fluids in

testing racks, and compares labels wial printout Est of patients' identi-
fication numbers to assure accurate identification. Fills automatic pip-

ettes with prescribed amounts of diluents for use in automatic testing
machines. Loads racks of specimen fluids into autoanalyzer and starts
machine. After test, transfers sera to specified vials, labels them, and
store.. vials in freezer. Spreads drop of patient's blood sample on micro-

scope slide, as directed, for subsequent staining and microscopic exami-
nation. Copies test results from Medical Technicians' logbook to mark-
sensed cards for use by data-processing personnel.

EDUCATION, TRAINING, AND EXPEL RIENCIE
A tweth grade education is required, and 1 year of job experience,
under close supervision, is necessary to train workers. No previous ex-
perience is necessary.

WORKER TRAITS
Apt Nu asks:
Clerical perceptio,.: to read and copy names and numbers rapidly and ac-
curately.
Finger dexterity to handle test tubes and microscope slides during
preparation of specimens for testing.
Manual dexterity to lift, carry, and place racks of tubes as directed
and to pour diluents into automatic pipettes.
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teer4estm:
A pi eference for handling laboratory equipment and supplies in a rou-
tine, organized manner.

Taanperaaniatnts:
Must adapt to performing routine tasks, following explicit directions,
usually completing each assignment in less than 30 minutes. Extreme
care must be used to avoid errors in labeling specimens, both in the
laboratory and in the storage freezers.

Itayisi=saI Eilernainds aince
'111Farlcing ConclitIons:
Work is light, involving standing and walking a major part of the day.
Reaches for and handles test tubes, specimen jars, microscope slides,
and data-processing cards. Finger dexterity is required to prepare
microscope slides for examination.
Near visual acuity to read labels, numbers, and logbooks.

RR MEDICAL. Reiman Da
LIBRARIAN

100.388

OCCUIPATIONAL. DEFINITION
Supervises clerical workers who compile and code medical records of
hospital and clinic patients for subsequent computer programing:
Reviews clinical records of recently discharged patients, and notes in-
formation missing from charts, such as final diagnosis, pathology re-
port, or laboratory findings. Directs subordinates to contact specified
medical; laboratory, or nursing personnel to obtaili data. Directs the
classification of various information in completed charts, such as pa-
tient's age, symptoms, and diagnosis, into standard medical records
aides, utilizing reference material. Resolves problems of interpretations
of statements in charts, applying knowledge of customary medical use
of language. Trains subordinates to convert standard classificatinn codes
and other specified data to computer program codes, using code bock
and prescribed, worksheet. Approves worksheets, and routes them to
keypunch personnel for processing. Reviews subsequent computer print-
outs of. data for accuracy.

Confers with physicians to clarify their requests for dv ta stored in com-
puter, or to expedite service in obtaining specified groups of patient.
charts. Accepts legal summons to appear in court to present requested
medical information. Reviews record fo select perthient information, and
obtains couiputer printout, abstracts data; or routes selected pages of pa-
tient's chart to clerical personnel for copying. Testifies iu court con-
cerning the veracity of chart information.
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Prepares monthly reports on incomplete medical records for use by

hospital executives. Prepares monthly summary of medical records sec-
tion activities, showing costs of personnel, materials, and time required
for various types of clerical work, for use by DIRECTOR, MEDICAL
DOCUMENTS in determining chargeable costs to hospital departments.

EDUCATION, TRAININD, AND EXPERIENCE
-,ademic requirements consist of 2 years of university liberal arts pro-

grams, followed by the 2-year training required for MEDICAL RECORDS
LIBRARIAINTS. Certification as a Registered Record Librarian is also re-
quired. Two years' experience in a medical records department is neces-
sary to gain sufficient working knowledge for this computer-oriented
job, during which at least one course in computer programing should
be taken. Three months of on-the-job training are then provided by the
head of the medical records department.

WORKER TRAITS
Aptitudes':
Verbal ability to understand and to abstract significant data from
pages of various medical writings in a patient's chart.

Clerical ability to review coded data rapidly and accurately and to note
errors in spelling.

Interessta:
A prefezence for business contact with others, to confer with medical
personnel concerning data recorded in charts, and to train subordinates
in coding techniques.

Ternperairnonte:
Must use professional judgment to determine significant points in medi-
cal reports and histories; and to select pertinent data from charts for
submission to the courts. Must obsei e precise standards of spelling,
word usage, and coding techniques when converting data to program
code.

lotsys Iced Dem sarniss Mind
Wc3rIcing COrld Mans:
Work is sedentary. Occasional lifting of computer runbooks weighing

less than 10 pounds is necessary.
Reaches for and handles patients' charts, coding sheets, printouts, and
reference volumes. Near visual acuity is required to read a variety of
handwrit:.en documents in patients' cha--ts and to review computer coding

sheets for accuracy.
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ECOCCALL. MIEC011eco
124;tonFIANIEF4-APIAILVOT

020.168

()CC UPIPATIO NA I 0 EFINITION
Directs conversion of medical records data to computer language and
supex vises workers engaged in converting medical :nformation to com-
puter codes

Confers with DIRECTOR, MEDICAL DOCUMENTS to resolve seman-
tic difficulties noted in recorded information. Confers with Programer
and Systems Analyst to devise alphabetical and numerical codes for
computer tabulation of patient data, showing number of hospital pa-
tients, births, deaths, days of hospital care per patient, and other statisti-
cal informatior, utilizing knowledge of programing techniques and
medical records prf.tedures. Plans and directs the subsequent clarifica-
tion and coding of in coining charts. Develops computer subroutines to
obtain data already filed in computer, such as the nursing service
workload during various periods of time, or the number and types of
patients treated by any specified physician. Write!: specialized programs
that will retrieve computer-filed information showing patient reactions
to specified drugs, or specified elements of patients' histories, or other
information requested by hospital departments, such as psychiatry or
anesthesiology.

Supervises workers engaged in operating keypunch machines for con-
versions of programed data to computer-processable form. Determines
'priority of information to be converted, utilizing knowledge of hospital
needs, statutonr regulations, and available personnel. Plans work pro-
cedures, and assigns duties to workers. Trains workers in the use of medi-
cal references and reviews and corrects their work. Recommends the
hire, promotion, or discharge of keypunch personnel.

Prepares monthly reports of programix.g ,:osts, itemizing salary el-
penses, materials used, and time required for su.Nrage or conversion of
various types of information to computer language. Submits summary
to DIRECTOR, MEDICAL DOCUMENTS for determination of costs to
computer users.

EDUCATION, TRAIINIIINM, *NM EMMEN IENCE
Minimum requirements are a bachelor's clagree; certification az a Regis-
tered Record Librarian ; a master's degree that includes graduate-level
courses in statistics and in utilization of computers; 1 year of program-
ing biological or medical records data; and 2 years as a MEDICAL
RECORDS LIBRARIAN. One month of on-the-job training is provided
by the employer. These specifications are not as difficult to meet as they
might seem. Many MEDICAL RECORDS LIBRARIANS work full time
for about 2 years, and then change to part-time medical records employ-
ment while they earn a master's degree. During this period, the knowl-
edge and experience necessary for this job can be readily acquired.
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WORKER TRAITS
Aptitudes:
Verbal ability to learn and use the terminologies of all medical fields,
of programing, and of mathematics and computer processes.
Clerical perception to detect numerical misprints or duplications in com-
puter printouts, and to recognize probable errors in abbreViations or
other entries in patients' charts or on busines3 office records.
Numerical ability to apply mathematical techniques to data flowcharts
and to the subsequent programing.

interosts:
A preference for technical activities in preparing workflow t.nd pro-
gram fonnulas and reducing them to computer-processable forms.
A preference for abstract and creative activities, to devise new computer-
oriented systems to meet specific rnedi, al records needs.

Torropararnantssr.
Must make factual programing decisions on basis of computer printout
errors, and observe precise standards in programing processes. Makes
judgmental decisit- Is to select most effective programing and procedural
system and to assign duties and establish priorities of work among
subordinates.

Physical 1:11.--otanclis
area Working Conclitions:
Work is sedentary, but involves considerable walking at times to aid
subordinates or to locate data in medical records files.
Constant handling of record ;, printouts, programing forms, and pencils
in planning program and posting codes to program z-heets.
Near visual acuity to read and write computer symbols and mathemati-
cal formulas.

EIDICIIKL, ESACI-
AssIOTAMT

041.081

acCUIPATICINAL.
Plans computer simulation of the physiological or biological responses
expected during medical laboratory, experiments that utilize computers;
writes analog and digital programs for the experiment; and conducts
trial runs, of computer data to verify accuracy of programing methods:
Confers with medical research investigator to determine the specific re-
sponses to be measured, and to decide whether electronic, electrical, or



other measurements are to be used. Discusses laboratory methodsplanned for experiment designed to test such factors as the responseof a brain cell to intensities of electrical stimulus, the effect of light onthe rate of metabolism r..r a single cell animal, or th.- effect of certainchemicals on the size and grooth rate of plants.
Plans mathematical design for experiment utilizing differential equa-tions, and other advanced techniques to represent all the variations ofsthnulus that will be applied during experiment, and all the conceivablebiological responses that may occur as a result. 7lans and writes com-puter program according to the mathematical design and routes it tocomputer personnel. Reviews and approves keypunch procedures to befollowed in transferrin:.; data into computer language, and routes ap-proved procedures to keypunch personnel for plocessing and subse-quent zransfer to computer tape.

Devises and programs series of test queries and comments to verify ac-curacy of information stored, and reviews results to detect erroneous com-puter responses. Modifies program to correct errors.
Plans and programs hypothetical combination of experimental factorsthat could simulate experimental results, and summarizes computer re-sults for approval by medical research investigator. Observes subse-quent laboratory experiment to convert or improve computer input oroutput.

EDUCATION, TRAINING, AND EXPERIENCEThe minimum requirements consist of a bachelor's degree in anatomy,biochemistry, or other biological sciences; and a master's degree inmathemati, or physics. Two years of medical or biological computerprograming is essential to master the intricacies of simulating a biLdogi-cal system. Although this is a full-time job, most workers are attendinggraduate school part time, either to earn a doctor's degree in the scien-tific specialty of their choice, or to augment their knowledge in one ortwo subject areas. Since the demand far exceeds the supply, recruitmentfor qualif ed individuals to fill these jobs is never limited to graduate stu-dents currently attending a university.

lovanicark TmeArre
Aptitu doss:
Verbal ability to utilize the terminologies of physics, mathematics, andthe specific medical-biologica.2 field of specialty, such as biochemistryor anatomy. Clerical perception to read and write mathematics and com-puter symbols without perceptual error.
Numerical ability to apply advanced mathematics to medical probabilitytheories.

Intereesstss:
A preference for activities that are scientific and technical in nature, toapply analytical and quantitative tecimiques to medical research data,and an interest in devising mathematical equations to represent knownand biological activities.
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T Er rwl perearrt
Professional judgment is required in selecting or devising mathematic:. 1

formulas to represent biological actb ity. Judgment based on factual de-

cisions is also required in order to plan and write programs keyed to sig-

nals received from measuring devices and to the computer's own capabili-

ties.
Must be able to observe precise standards of advanced mathematics

and analog comput,:r programs to develop and test meth,-ds of incor-

porating computer capabilities into research program.

Fehyssical Marriaincin eirsid
Warking Coconcliticons:
Work is sedentary.
Near visual acuity and accommodan are required to read graphs,
tracings, and to read and write correct mathematical and computer

symbols.

MEDICAL SYS-Tema
ANALYST, COINIPILITIEFE

020.168
accuilPATMINIAIL DEINRTION
Analyzes hospital, clinical, and research procedures involving drugs and

other medications, and formulates new systems of reporting information

on dosages, patient reactions, patient drug hi-Aory, and other data for in-

clusion in computer information system:
Confers with physicians, pharmacists, and laboratory personnel to de-
fine content of required input data, such as physical or laboratory find-
ings after administration of drugs. Observes laboratory data, nursing
personnel activities, and other work procedures, and studies report
forms currently in use to plan accurate and economical system of ob-

taining data recorded on forms suitable for conversion to computer pro-

graming. Designs punchcards and other forms for use in recording phar-

maceutical information.
Plans computer program, utilizing knowledge of computer capability,

data processing techniques, and medical procedures. Devises assembly

language to convert data, or modifies FORTRAN or other language,

and directs Programers in compiling language and converting data to

machine processable form. Conducts test runs of program, and studies

computer printeut of results to detect and correct errors due to initial

data, or to program codes.

EIDLICATICM, TRAINING, ANID EXIPEIRIENCIE
A bachelor of science degree in mathematics is required, and a master's
degree is prcferred. Four to 6 years of systems programing, compiler
programing, and data processing analysis is necessary, in addition to at

least 2 years of assembly language programing. This experience may be

gained in either business or medical fields, but there must be at least

1 year of experience in working with medical personnel to learn the

medical point of view and the necessity of working with soft data such

as ranges of variable numbers instead of averages.
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WORMER TRAITS
Apt itu des:
Verbal ability to understand and use medical and matl- 'cal termi-nologies.

N umerical ability to plan computer input systems, and computer flow-
chart proceiures, using advanced mathematical principles and computertechniques.

Clerical perception to read program flowcharts and codes and to iden-
tify symbols and numbers accurately.

Interests:
A preference for activities that are scientific and technical, and thosethat are abstract and creative, to study current medical procedures anddevise ways to standardize them for conversion to computer-orientedmethods.

Tam per am ants:
Must be able lo plan and direct methods of tranJerring data from
medical history, pharmacy or ward records, or other source to computer
language.

Required to confer extensively with various medical personnel to analyzetheir procedures and present new systems that are acceptable to them.Must rely on judgment in devising systems that will obtain and recordall desireu data.

Physical Dem ands and
Working Conditions:
Work is sedentary, with occasional walking. Occasional handling of booksand documents that rarely exceed 10 pounds.
Talking and hearing to confer with medical personnel to resolve systemsproblems.

Near visual acuity to preparn and review flowcharts and codez.

MEDICAL TECHNOLOGIST,CHIEF
078.168

OCCUPATIONAL DEFINITION
Directs and coordinates activities oi medical center workers performing
clinical laboratory tests and reporting results in computer format, using
manual and automated equipment:
Confers with the laboratory director to plan policies of the chemistry,
serology, virology, and other laboratories concerning such matters aslevels of subordinate supervision, exploratory studies of new tests andequipment, or procedures to verify accuracy of tests. Establishes or ap-
proves all testing procedures, and interprets policies to subordinate su-pervisors.
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Plans workflow for use of automated testing machines, such as auto-

analyzer, or blood gas machines, and for computer peripheral equip-

ment, such as photometric devices that convert test results to digital

codes for use by computer. Confers with MEDICAL SYSTEMS ANA-

T YST, COMPUTER and MEDICAL ANALYST-PROGRAMER and

determines and approves exact data to be coded for computer use. Ap-

proves mark-sense cards and other forms to be used in reporting Labora-

tory results. Observes personnel to assure efficiency and ease of manual

or automated test procedures, and to assure adequacy and speed of com-

puter reporting system. Reviews daily summary of mechanical or per-

sonnel errors, and confers with subordinate supervisors to plan corrective

action.

EDUCATION, TRAINING, AND EXPERIENCE
The minimum requirements consist of a bachelor of arts or a bachelor

of science degree which has included or been supplemented by a clinical

year in a school of medical technology accredited by the American

Society of Clinical Pathologists (ASCP). The worker should also be

certified or be eligible for certification as a medical technologist by the

Board of Registry of the ASCP, and have had 5 years of progressively

responsible experience in clinical laboratories. In addition, there must

be 1 year of experience with computer software problems in the medi-

cal field, or 1 year of college-level courses in programing.

WORKER TRAITS
Aptitu des
Verbal ability to read and apply medical and medical laboratory termi-

nologies, and to determine exact words to be used in computer conver-

sion of laboratory data.
Numerical ability to apply mathematics to problems in chemistry and re-

lated fields, and to work with computer flowcharts and coding problems.

Interessts:
A preference for business contact with people, as shown in conferences

with computer personnel and medical and laboratory personnel; and a

liking for activities that are scientific and technical in nature to plan or

approve laboratory or computer procedcres.

Temperaments;
Direction, planning, and control of all laboratory procedures and work-

flow of all the laboratories. Pr,..fessional judgment is required to make

decisions concerning new test:, or automated methods, and to determine

or approve computer input 14nguage.

Physical Deremands and
Working Conditions:
Work is sedentary.
Talking and he4ring are essential in giving instructions to subordinates

60



and in conferring with other hospital personnel.
Near visual acuity is required to read and analyze reports, graphs,tracings, and other laboratory data and to read computer printouts.

MEDLARS LIBRARIANReforenca Librrin100.168

OCCUPATIONAL DEFINITION
Studies requests from users of medical center library for published ref-erences on specified subjects, and formulates computer-processable de-mand search for information requested, using MEDLARS system:
Reviews request for information concerning a disease, syndrome, labora-tory test, or other medical subject, referring to medical dictionaries toclarify terminologies used. Consults library sources of information toassure inclusion of pertinent subtopics in demand search of nationaland regional bibliographic listings, and to narrow search to pertinentdata. Selects key words and synonyms used to describe subject, andtranslates them into fixed computer language vocabulary of MEDLARS,using modified compiler for COBOL or other specified computer lan-guage.

Selects high speed or logical search (principal references or all ref-erences) according to urgency of request and estimated manhours avail-able to review subsequent computer printouts of information. Submitscoded reference request to National Library of Medicine and to regionalcomputer center. Receives computer printouts, and participates in re-view of citations to assure adequate fulfillment of library user's re-quest. Writes letter describing the key words, synonyms, and searchstrategy used, and routes it with printouts to individuals placing re-quest for the information.

Trains and gives work directions to other Medical Librarians engagedin writing searches for computer processing.

EDUCATION, TRAINING, AND EXPERIENCEMinimum requirement is a bachelor of science degree in library sci-ences, and a master of arts or sciences in a medical or biomedical field.The MEDLARS LIBRARIAN must have s superior grasp of severalmedical disciplines in order to cope with reference requests for any as-pect of any medical field, and to translate these requests into codedlanguage. In addition, worker must have either past experience in pro-graming, or college-level courses in programing techniques to learn thenecessary precision of words and computer logic required for computertranslations of biomedical informaten. Minimum prior viork experienceconsists of 2 years as a Medical Librarian.

WORRIER TRAITS
Aptitudes:
Verbal ability to master terminologies of several medical disciplines.
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Clerical perception to transhte English words into computer languages

accurately and rapidly, and to read computer printouts for accuracy.

Interests:
A continuing interest in scientific and technical matters, to keep abreast

of medical library information; and to convert medical subject mattet

to computer codes, making sure that all related subjects are considered.

Temperaments:
Relies on professional judgment to establish scope and limits of sabject

matter requested by library users; conversion of data to MEDLARS

system requires logic and coding that meet very precise computer stand-

ards.

Physical Demands and
Working Conditions:
Work is sedentary, with occasional standing and walking.

Reaching for, handling, and fingering documents, cards, and code sheets.

Near visual acuity to read published articles, bibliographies, computer

code books, and printouts.

SUPERVISING COMPUTER
OPERATOR-TECHNICIAN

213.138

OCCUPATIONAL DEFINITION
Supervises and ceordinates activities of computer operators in data

processing center of medical research institute:

Assigns personnel to computers and to peripheral equipment such as

electronic sorters and keypunch machines, and schedules workflow to

meet planned use of computer facilities by medical research staff.

Trains subordinates in operation of machines, and instructs them in

medical research methods and terminologies to enable them to distin-

guish machine errors from improper coding or other data errors.

Reviews aims, method:3, and program codes of each experiment, and de-

velops operating methods to process medical data, such as selecting

sequences of trial tests of EEG's, EKG's, temperature recordings, or

other physiological measurements; or modifies console control of digital

converter to receive specified analog input. Adjusts oscilloscope for spe-

cific wave rhythms, such as pulse rates or heart beats. Observes oscillo-

scope display of experiment, and distinguishes noise (signal interfer-

ence) from significant experimental measurements, using knowledge of

normal readings and purpose of experiment. Verifies suspected malfunc-

tioning of program or equipment by processing test program com-

parable to recorded experiment. Evaluates test results in the light of ex-
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Superv.stng Computer Operator-Technician adjusts computer.connected equipment in laboratory.
periment's aims, and notifies investigator of inadequate data, or directsMEDICAL CODING CLERK to correct coding errors. Contacts equip-ment manufacturer to correct or improve machine operations. Conferswith research investigators to plan computer time-sharing procedures,and to determine most effective laboratory methods of recording physi-ological reaction of animals for online or offiine computer analyses.Demonstrates the use of computer consoles placed in the laboratory, andclarifies the signals utilized between investigator and computer operat-ing personnel during online operations.

Operates teletype to commPnicate with outlying, connected stations sub-mitting online computer data, to resolve problems of recording or pro-graming as shown by results of computer's online analyses.
Reads daily printouts of error listings, and analyzes probable causes,such as faulty programing or electronic signal difficulties. Confers withinvestigators or clerical or computer personnel to resolve problems.

EDUCATION, TRAINING, AND EXPERIENCE
Two years of college, with emphasis on mathematics and science courses,is the minimum requirement. Knowledge of the function and operationof oscilloscopes and other routine electronic laboratory equipment is alsorequired. This kuowiedge can be acqui:ed either in formal classroomwork or on a job. At least 1 year of expefience in operating comp;itersand peripheral equipment in the biological sciences is essential. Businessexperience is na acceptable as a substitute, since the medical approachis entirely different and this work-er is closely involved with medical andresearch personnel. In addition to this experknce, a minimum of 6months as a Senior Computer Operator is required to learn the kindsof problems the medical personnel face with the data they wish to corn-
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puterize, and to master advanced computer trouble-shooting techniques.

Supervisory experience is highly desirable.

WORKER Tr/ANTS
Aptitudeeti:
Verbal ability to master terminologies of medical research specialties and

of electronics and computer Operations.
Numerical ability to understand various programing techniques well

enough to detect errors and suggest modifications.

Spatial perception to make minor adjustments of control panel wiring.

Interests:
A preference for business contact with others to confer with medical

personnel and to supervise subordinates.

A preference for scientific and technica '. activities to keep abreast of

manuf turers' changes in computer hardware; and to grasp the pro-

cedures and aims of research experiments in order to distinguish be-

tween computer errors and experimental errors.

Temperaments:
Ability to perform a variety of different tasks, such as training and

assigning personnel, developing new operating procedures, changing

production schedules to accommodate emergency runs, and maintaining

records.
Must be able to plan, direct, and control the activities of computer op-

erators concerned with either central or peripheral equipment.

Must deal with medical and research personnel to resolve problems of

computer input and output, suitability of data, and scheduling of online

computer use.
Required to make judgmental decisions in establishing schedules and

work priorities to make maximum use of workers' knowledge and ability

and most effective use of computers and peripheral equipment.

Must make decisions on factual basis to evaluate computer output in the

light of the equipment ayailable, and programs udlized, and to de-

velop plans for equipment or procedural modifications to improve effi-

ciency of operations.

Physical Demands atnd
Working Conditions:
Work is light, requiring frequent standing and walking, and occasional

lifting and handling of reels of tape, and of control panels weighing up

to 10 pounds.
Fingering is required to operate keyboard.
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Talking and hearing are essential to give oral instructions, assign work,
train personnel, and resolve procedural problems with medical person-
nel. Near visual acuity is necessary to study program runbooks, read
oP,cilloscopes, coding instructions, and records.

SUPERVISOR
COMPUTER OPERATIONS

169.138

OCCUPATIONAL DEFINITION
Supervises and coordinates activities of personnel engaged in operating
data processing equipment, and assists MANAGER, COMPUTER CEN-
TER in planning for and installing new or modified equipment:

Schedules workflow to facilitate storage of and access to computer data
concerning patients, clinics, hospital departments, and research sections.
Assgns personnel to operate such equipment as opticai scanners, inter-
preters, and computers. Trains workers in the operation of equipment
according to hospital's data processing procedures. 'Writes instructions
indicating new or modified techniques to folloW in operation of equip-
ment. Troubleshoots equipment to locate causes of inadequate telecom-
munications, such as faulty signals from rempte input-output terminals,
or erroneous printouts due to faulty programing. Notifies medical per-
sonnel at terminal stations of their errors in operating input equipment
and explains correct method to be used. Makes minor adjustments to
processing equipment to maintain proper machine operations. Remains
on call daring off hours to resolve problems of work priorities, telecom-
munications, or equipment operations.

Confers with MANAGER, COMPUTER CENTER regarding type and
source ot medical data to be incorporated into computer operations and
to devise plans for processing them by modifying present equipment, or
installing new equipment. Consults manufacturer's specifications and
plans layout of equipment taking into consideration such factors as sites
of proposed video screens, high-speed printers, or other equipment, air-
conditioning requirements, soundproofing, and limitations of central corn-
puter equipment. Submits plans to superior for approval.

EDUCATION, TRAINING, AND EXPERIENCE
A college degree is usually required, including courses in data process-
ing methods. Five to 7 years' experience in the operation of data
processing equipment and in the supervision of personnel engaged in
operating computers and peripheral equipment. This experience need
not be in the medical fields, but it must include effective solutions to all
the mechanical and personnel problems encountered in-the operation of
a computer center. One year of experience on the job is required to mas-
ter the medical terminologies used, to understand the material to be
programed, and to develop a working knowledge of the medical treatment
and research methods characteristic of the institution.
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WORKER TRAITS
Aptitudes:
Verbal ability to grasp and use the pertinent terminologies of program-
ing, medical procedures, and computer operations.

Spatial ability to visualize the mechanical defects causing do:proper
function of computer or peripheral equipment.

Form perception to see, at a glance, wbetber a punchcard or printout
contains the expected numbers or letters in proper sequence.

Temperaments:
Required to plan and control the activities of personnel engaged in op-
el.:sting computers and related equipment. Required to make judgmen-
tal decisions when detecting and correcting errors caused either by .ne-
chanical failure or inadequate data. Worker must also function well
under t onsiderable pressure of being responsible for ob:aining, or cor-
recting, data needed for patients in critical condition.

Interests:
Interests primarily directed toward technical and scientific aspects of
storing information in computer storage and retrieval of medical data,
and contact with the medical staff concerning computer programs..

Physical Demands and
Working Conditions:
Work is light, requhing frequent standing and walking. Occasional lift-
ing and handling of reels of tape, decks or boxes of punchcards. and
equipment panels that weigh up to 20 pounds.

Talking and hearing are essential in giving instructions, assigning
work, and training personnel.

Near visual acuity is frequently needed b.:, analyze programing records
nnd computer program runhooks, am' to read tedmical or medical data.

SUIPEIWMOR,
IDENTIFICATION
AND CENSUS

213.138

OCCUPATIONAL DEFINITION
Supervises and coordinates activities of hospital clerical workers en-
gaged in issuing patient identification numbers; placing hospital forms
in charts for new patients; operating keypunch and addressing ma-
chines; coding specified data into predetermined program codes; and
typing data on computer keyboard console for online recording in corn-
puters:
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Plans priorities of procedures, and assigns duties to personnel, schedul-
ing workflow to facilitate 24-hour service. Trains workers in operation
of addressc 4-raph and computer con6ole, 'and aids them in detecting and
correcting errors in requisitions received from other departments for pa-
ticnt's name or identification number.
Obtains daily information from hospital personnel concerning admis-
sions, discharges, births, deaths, age, and sex, anr1 routes data to sub-
ordinates for keypunching. Reviews printouts of census data to detect
errors of numbers, names, or other entries, referring to patient's chart
to verify coirections.

Confers with programing personnel to develop methods of resolving
persistent errors in computer printouts. Tesls new computer codes and
programs to detect operational flaws. Confers with Systems Analyst-
Programer to develop improved methods of online filing of census and
identification data. Keeps time schedules of subordinates, and recorn-
meads promotions, pay raises, and discharges.

EOU^ATION, TRAINING, PILNID EXPERIENCE
A minimum of 2 years of college is required. Courses must include Eng-
lish to assure good spelling and a good grasp of the correct usage of the
English language, and at least two courzes in basic computer operations
and programing techniques. One course in business .maliagement is re-
quired to understand the purposes of the necessary statistical informa-
tion processed by hospitals. Minimum work experience consists of 6
months full-time employment in a hospital medical records department
to learn the filing systems, hospital procedures, information Workflows,
and departmental organizations. Additional training is required from
time to time, and arranged by the employer, to keep abreast of changes
in hospital's data prccessing equipment or computer piocedures.

WORKER TRAITS
Apt itu dee:
Verbal ability to understand and use terminologies pertinent to hospital
statistical procedures, patient identification problems, and computer op-
erations.
Clerical perception to proofread numbers for accura,_:y and words or
names for correct spelling.

Interests:
A preference for business contact with others to supervise subordinates.
A preference for technical activities to plan and control transfer of
specified numerical data to computer printouts.

TernReeramonts:
Must be able to plan and control the activities of subordinates en-
gaged in a variety of routine and emergency clerical activities.
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Imphysi©aI Demands and
Working Conditions:
Work is light, involving standi- at clerical machines to aid subordinates,
and frequent walking ta various areas of the medical records depart-
ment or hospital to resolve problems or confer with superiors. Work re-
quires occasional lifting of computer runhooks weighing less than 10
pounds.

Talking and hearing involved in instructing subordinates and in con-
ferring with superiors and computer personnel.

Near visual acuity required to read and detect errors in printouts of
census data.

Reaches for and handles medical records, requisitions, and computer
printouts.
Color vision to distinguish color codes used in medical records form and
in records filing system.

SUPERVISOR,
KEYPUNCH OPERATIONS
Supervisor,
Opferaillicona

213.138

OCCIWATIONAL DEFINITION
Supervise3 and coordinates activities of inirkers operating such ma-
chines as keypunchers, reade.-7,rinters, and reproducing punches to
process patients' medical and laboratory test results for immediate
touting to hospital computer:
Plans wcrker shifts, according to peak surges of reports receiv,Nl from
chemistry und bacteriology laboratories, and from radiology, pediatrics,
and other medical depart:nents, and determines priority of work. Wr:tes
detailed procedures for the operations of machines; for the ve7ification
of test data received, such as identification numbers of patient and of
clinic or ward requesting test; and for the workflow routing of printed
forms and mark-sense cards. Issues verbal orders to expedite processing
of emergency ;:eports.

Reviews computer printouts of laboratory test results for errors, such as
discrepancies between laboratory specimen number and number used in
code, or lack of information from outside laboratory performing listed
test. Notifies laboratories of errors and files printouts.
Examines malfunctioning machines for possible obstructions, such as
warped or jammed cards, or improper adjustment of dials and switches,
and corrects difficulty. Notifies manufacturer of mechanical, breakdown.
When advised of prolonged delay for machine repair, routes work-
flow through other equipment, or requests laboratories to use manual re-
porting procedures.
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Analyzes special programs of data received from medical departments
for processing through computer, to detel.mine workflow procedures and
to detect such errors as inadequate progiam flowchart format or poor
legibility. Writes report to supervisor of inadequate or incomplete data
received, and recommends corrective actions.

Keeps subordinates' time schedules. Recommends promotions, pay raises,
and discharges.

EDUCATION, TRAINING, AND EXPERIENCE
High school graduation is tbe minimum academic requirement, with
courses either in high school or in a business school to learn to operate
a keypunch and related computer peripheral machines. Six months' ex-
perience as keypunch operator is considered the minimum time neces-
sary to develop speed and accuracy. In addition, 1 year of experience
in a medical computer center is required to learn hospital procedures,
the most efficient methods of verifying any questionable accuracy in the
information received , and the management of delays. 7.tondreds of test
results and other items of information flow through the Technical Opera-
tions Unit every day. Delays in receiving data or delays due to mechani-
cal breakdowns create a massive jam of work that must be reorganized
rapidly and efficiently.

WORKER TRAITS
Aptitudes:
Verbal ability to understand medieal laboratory and clinical terminolo..
gies.

Clerical ability to read printed forms, mark-sense cards, and computer
printouts rapidly, to detect errors in numbers or names.

Interests:
A preference for business contact with others, expressed in frequent con-
tacts with laboratory personnel and subordinates; and an interest in plan-
ning and directing the operation of the computer-related data process-
ing machines.

Terropararnants:
Ability to plan the routing and processing of data through the com-
puter's peripheral equipment, always working against time deadlines.

Ability to decide quickly and with judgment on alternate methods of
processing data when there are mechanical failures or other delays.

Physical Dernands and
Working Conditions:
Work is sr-lentary.
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Reaches for and handles business records, decks of punchcards, labora-
tory reports, and code sheets; fingers switches and keys to correct
minor difficulties of malfunctioning machines.

Near visual acuity to read codes, flowcharts, and handwriting.

AND
PROCEDURES ANALYST,
COIVIPUTER

161.268

OCCUPATIONAL DEFINITION
Plans nonmedical procedures in hospitals and clinics to improve the
efficiency of collecting information, improve service, and decrease costs:

Observes workflow and confers with medical and clerical personnel to
evaluate such procedures as scheduling and routing of patients, abstract-
ing data from patient's questionnaire or other medical records, and re-
cording and routing data to patient's chart and to computer processing
personnel.

Prepares procedural chart of information flow and analyzes it to ascer-
tain causes for delays and omissions or duplications in recording and
routing patient information. Studies forms in current use for recording
patient's clinical findings and other data, and confers with physicians to
define the required data, and with computer specialists to learn of the
limitations imposed by conversion of information to computer system.
Confers with paramedical personnel concerning current procedures of re-
cording laboratory, X-ray, and other findings onto forms, and plans
methods of eliminating duplication and standardizing information. De-
vises new, modified, or consolidated forms to be* used by patients and
personnel, considering such additional factors as precision of language
necessary for computer use, relation Of information under study to
other hospital records, and clerical processing time. Submits forms to
hospital management for approval. Writes and updates manual of pro-
cedures for use in training workers to utilize new procedures.

Studies effect of new procedures on information system to detect any re-
lated difficulties, such as inadequate work areas, poor structural layout,
or inefficient placement of telephones and intercom systems. Recom-
mends corrective changes to management.

Rliads professional journals, confers with vendors, and attends confer-
ences to keep abreast of developments in data processing, records ad-
ministration, documentation, and hospital management trends.

EDUCATION, TRAINING, AND EXPERIENCE
Minimum academic requirement is either a bachelor's degree in busi-
ness administration, or a master's degree in hospital administration.
Either undergraduate writing courses, or published papers, are required
to establish writing skills. In addition to any possible business experi-
ence the worker may have, there must be at least 2 years of systems
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analysis in a medical institution to learn the kinds of information that
are customarily required in the treatment of patients.

WORKER TRAITS
AptilItudies:
Verbal ability to utilize the terminologies of medicine and business ad-
ministration in the analysis of old forms and development of new ones.

Spatial Perception to visualize dimensions of structures and equipment
as they pertain to information workflow, and to develop flowcharts speci-
fying effective sequences of data recording and routing.

Clerical perception to avoid errors in reading and reorganizing the in-
formation stated on forms.

Interests:
A preference for activities that involve business contact with medical
and administrative personnel, together with a marked interest in clear,
technical writing.

Ternperatments:
Job duties require considerable cooperation with, and from, medical
and administrative personnel in order to develop accurate, efficient
workflow that is acceptable to the workers. Professional judgment is
required to analyze difficulties of data recording or routing, and to plan
new systems that will solve these problems without creating new ones.

Physioad Demands and
Working Conditions:
Work is usually sedentary, but there may be periods of weeks when
worker must constantly walk and stand, to observe and analyze depart-
mental work procedures.
Talking and hearing are essential in conferences with medical and para-
medical personnel concerning the present procedures and proposed
changes.
Near visual acuity is necessary to study forms, charts, graphs, and other
data utilized by personnel; and to draw flowcharts and diagrams of pro-
cedural activities of department being studied.
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GLOSSARY

A
ANALOG COMPUTER: An electronic calculating machine that meas-
ures and compares continuous variables, such as scale lengths or blood
pressures, using mathematical analogies to electrical variables, such as
voltage and current. For addition and multiplication, a special circuit
feeds in specified voltages. Analog computers are in online medi-
cal research and in many clinical applications NOterein numerous vari-
ables must be measured simultaneously.

COBOL: Acronym for Common Business Otiented Language. Formu-
lated originally for business and commer'cial use, it lends itself to
modification in some medical areas of interest.

COMPILER: A computer program that translates symbolic operation
codes into machine instruction and also replaces specified items of input
with further instructions.
COMPUTER: An elecronic calculating machine that manipulates
mathematical symbols at high speed. The macbines are designed for
extremely complicated processings of groups of symbols that serve as
codes for any groups of data desired. Specific machine instructions for
each manipulation always form part of the program.

DEMAND SEARCH: A phrase
cate subject matter, subtopics, and
a complete File of publications to
taining to the request of the library

used by reference librarians to indi-
related information needed to search
obtain 'the titles of all articles per-
user.

DIGITAL COMPUTER: An electronic calculating machine that solves
mathematical problems by precise and sequential counting at high
speed with the numbers coded to represent specified data. The digital
computer is used in programing solutiens of problems involving many
logical decisions; or for rearranging constant data, such as patients'
weights, ages, and diseases, to investigate possible relationships. Digital
computing techniques are required for storage and retrieval of data.

FORTRAN: Acronym for FORmul:: TRANsIator. A program language
designed for problems which can be expressed in algebraic notation.

INDEX MEDICUS: A bibliography of articles appearing in cur-
rent medical science journals, compiled and published monthly and an-
nually.

LOGICAL EXPRESSION: Computer program-phrasing that in-
volves the use of nouns separated by the conjunctions ("and," "or") or
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their negations ("not" and "not or"), together with instructions for
computer manipulation of the subsequent search for matching nouns.

MARK-SENSE CARD: A punchcard with printed words showing
multiple choices of information. Worker selects appropriate word to be
punched and marks it with a pencil. This information is then automati-
cally punched or convr:rted to tape for direct processing into computer.

MATHEMATICAL MODEL : A body of mathematical statements de-
scribing a process or concept that is analogous to an observed process
or concept. The model permfts manipulation of variables, which is use-
ful in estimating the probable behavior of actual processes.
MEDLARS : Acronym for MEDical Literature Analysis and Retrieval
Systems. This computer system was designed specifically for searches of
bibliographic material that is filed by author, title, and subject matter
in the National Library of Medicine, Washington, D.C.
MEMORY: Data entered in any digital computer that remains after
a mathematical manipulation. The data can be "erased" readily or
transferred to STORAGE for future use.

ONLINE : Direct electronic communication between any terminal in the
computer system and the central processing unit.

PARAMETER : A constant or a variable Li mathematics that remains
unchanged during a specified calculation.

SIGNIFICANT ELEMENTS Programed words and phrases that
serve as retrieval criteria in high speed, gross screening of computerized
bibliographies.

SIMULATION: Mathematical or other symbolic representation of the
key elements of an object, system, phenomenon, or environment.

SIMULATOR : A model of a system or phenomenon that simulates
the effects of various changes in the original, enabling the researcher
to study, analyze, and understand the original by controlling changes
in the behavior of the model. Simulators usually are three-dimensional
and constructed to look like the original.

SOFTWARE: All the programs and related methods requ'red to re-
cord and manipulate data in a comptiter.

STORAGE : Any device used to store information, such as the magnetic
core or disc storage, ultrasonic delay line, drum memory, or magnetic
film memory.
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ON THE HOMIZON ---
EQUIPMENT THAT THINKS
Now being developed at the University of Southern California is a "ma-
chine" that learns and remembers data in a manner strikingly similar
to human learning. It recalls, and reacts to, forms, shapes, and signals;
and it develops logical thought patterns. It even grows forgetful when
overworked, and shows signs of fatigue that disappear after a brief
rest.
There are no wires in this "machine" or "brain." Instead, tiny particles
of iron, gold, silver, and other substances are immersed in nitric acid,.
where they form tree-like shapes called dendrites. When electricity passes
through the acid, shock waves alter the shape of the dendrites slightly,
in rrnich the same way that brain cells respond to stimuli. Subsequent
electrical current passing throngh these dendrites becomes slightly
modified because of the alteration of the dendrites. This dendritic
change can be cancelled by a controlled jolt of electricity, but the
shock affects only the changes cmated by the preceding stimulus.
By applying" selective electrical stimuli and shocks, the shape of the
dendri'.esand hence the reaction of the electrical current-4s modi-
fied, just as a small child's behavior is modified by spankings. As the
mcviifications progress, the dendrites "learn" to respond to fairly com-
plex stimuli.

Once trained, this electromechanical combination can recognize pat-
terns, or distinguiEh between sizes and shapes, or react both negatively
and positively to various combinations of sounds and lights, or appear-
ances and weights.
Potential applications of this device to military and business needs are
endless. Watching a radar screen to distinguish friendly and enemy
"blips" one example; inspection of the appearance of lacquered fin-
ishes or fresh fniit are others. In the medical health sciences, this kind
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of "brain" would create many occupational changes. Many kinds of
drudgery would be elim;nated, and a great many repetitive tasks would
no longer require human attention. (Scanning 'routine X-rays for evi-
dence of lung disease, for example.)

In conjunction with the electronic computers, the "brain" will open new
doors in rmearch and clinical applications and abolish -:ome ot the pres-
ent clerical needs.

On the other hand, now occupations will have to emerge in connection
with utilizing this invaluable assistance, and the jobs necessarily
rangeas they do with electronic computersfrom the very complex to
the relatively simple.
Experimental model al "Thinking Machine." Dendrites are located in circulr.- containers on table.

'
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APPENDIX
Worker Traits
APTITUDES:
VERBAL. Ability to understand meanings of words and. ideas asso-
ciated with them, and to use them effectively ; to comprehend language,
to understand relationships between words, and to understand meanings
of whole sentences and paragraphs; to present information or ideas
clearly.

NUMERICAL. Ability to perform arithmetic operations quickly and
accurately.

SPATIAL. Ability to comprehend forms in space and understand re-
lationships of plane and solid objects. May be used in such tasks as
blueprint reading and in solving geometry problems. Frequently de-
scribed as the ability to "visualize" objects of two or three dimensions,
or to think visually of geometric forms.

FORM PERCEPTION. Ability to perceive pertinent detail in ob-
jects or in pictorial or graphic material ; to make visual comparisons
and discriminations and see slight differences in shapes and shadings of
figures and widths and lengths of lines.

CLERICAL PERCEPTION. Ability to perceive pertinent detail in
verbal or tabular material; to observe differences in copy ; to proofread
words and numbers ; and to avoid perceptual errors in arithmetic com-
putation.

MOTOR COORDINATION. Ability to coordinate eyes and hands or
fingers rapidly and accurately in making precise movements with
speed; to make a movement-response accurately and quickly.

FINGER DEXTERITY. Ability to move the fingers and manipulate
small objects with the fingers rapidly and accurately.

84



MANUAL DEXTERITY. Ability to move the hands easily and skill-
fully; to work with the hands in placing and turning motions.

EYE-HAND-FOOT COORDINATION. Ability to move the hand
and foot coordinately with each other in accordance with visual stimuli.

COLOR DISCRIMINATION. Ability to perceive or recognize simi-
larities or differences in colors, or in shades or other values of the same
color; to identify a particular -olor, or to recognize harmonious or
contrasting color combinations, oi to match colors accurately.

INTELLIGENCE. General learning ability. Ability to "catch on" or
understand instructions and underlying principles; to reason and make
judgments ; closely related to doing well in school.

INTERESTS:
1. Situations involving a pref- vs.

erence for activities dealing
with things and objects.

2. Situations involving a pref- vs.
erence for activities involv-
ing business contact with
people.

3. Situations involving a nr,f- vs.
erence for activitie ;. of a
routine, concrete nature.

4. Situations involving a pref- vs.
erence for working for
people for their presumed
good, as in the social wel-
fare sense, or for dealing
with people and language in
social situations.

5. Situations involving a pref- vs.
erence for activities result-
ing in prestige or the es-
teem of others.

TEMPERAMENTS:
1. Situations involving a variety of

frequent change.
2. Situations involving repetitive or short-cycle operations carried

out according to set procedures or sequences.
3. Situations involving things only under specific instruction, allow-

ing little or no room for independent action or judgment in
working out job problems.

4. Situations involving the direction, control, and planning of an
entire activity or the activities of others.

6. Situations involving a pref-
erence for activities con-
cerned with people and the
communication of ideas.

7. Situations involving a c ref-
erence for activities of a
scientific and technical na-
ture.

8. Situations involving a pref-
erence for activities of an
abstract and creative na-
ture.

9. Situations involving a pref-
erence for activities that
are nonsocial in nature,
and are carried on in re-
lation to processes, ma-
chines, and techniques.

10. Situations involving a pref-
erence for activities re-
sulting in tangible pro-
ductive satisfaction.

duties often characterized by
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5. Situations involving the necessity of dealing with people in actual
job duties beyond giving and receiving instructions.

6. Situations involving working alone and apart in physical isola-
tion from others, although activity may be integrated with that
of others.

7. Situations involving influencing people in their opinions; atti-
tudes, or judgments about ideas or things.

8. Situations involving performing adequately under stress when
confronted with the critical or unexpected or when taking riskg.

9. Situations involving the evaluation (arriving at generalizations,
judgments, or decisions) of information against sensory or judg-
mental criteria.

0. Situatio:is involving the evaluation (arriving at generalizations,
judgments, or decisions) of information against measurable or
verifiable criteria.

X. Situations involving the interpretation of feelings, ideas, or facts
in terms of personal viewpoint.

Y. Situations involving the precise attainment of set limits, tol-
erance:., or standards.

PHYSICAL DEMANDS FACTORS:

1. Lifting, Carrying, Pushing, and Palling. T1,ese are the pri-
mary "strength" physical requirements, and, generally speaking, a
person who engages in one of these activities can and does engage
in all. Specifically, each of these activities can be described as:

LiftingRaising or lowering an object from one level to another;
includes upward pulling.
CarryingTransporting an object, usually holding it in the
hands or arms, or on the shoulder.
PushingExerting force upon an object so that the object moves
away from the force. This includes slapping, striking, kicking, and
treadle actions.
PullingExerting force upon an object so that the object moves
toward the force; includes jerking.

The five degrees of physical activities factor No. 1 are as follows:
(a ) Sedentary WorkLifting 10 pounds maximum and oc-
casionally lifting and/or carrying articles, such as dockets, ledg-
ers, and small tools. Aithough a sedentary job is defined as one
which involves sitting, a certain amount of walking and standing
often is necessary in carrying out job duties. Jobs are rated seden-
tary if walking and standing are required only occasionally and
all other sedentary criteria are met.
(b) Light WorkLifting 20 pounds maximum with frequent
lifting and/or carrying of objects weighing up to 10 pounds.
Also, even though the weight lifted may be only a negligible
amount, a job is rated in this category (1) when it requires
walking or standing to a significant degree; or (2) when it re-
quires sitting most of the time but entails pushing and pulling
of arm and/or leg controls.
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(c) Medium WorkLifting 50 pounds maximum with fre-quent lifting and/or carrying of objects weighing up to 20 pounds.Consideration (2) under light work may apply here.
(d) Heavy WorkLifting 100 pounds maximum with fre-quent lifting and/or carrying of objects weighing up to 50 pounds.(e ) Very Heavy WorkLifting objects in excess of 100pounds with frequent lifting and/or carrying of objects weighingup to 50 pounds or more.

2. Climbing and/or Balancing. These activities are .defined asfollows:

ClimbingAscending or descending ladders, stairs, scaffolding,ramps, poles, ropes, and the like, using feet and legs and/orhands and arms.

BalancingMaintaining body equilibrium to prevent fallingwhen walking, standing, crouching, running on narrow, slippery,or erratically moving surfaces; or maintaining body equililiziumwhen performing gymnastic feats.
3. Stooping, Kneeling, Crouching and/or Crawling. Theseactivities are defined as:

StoopingBending the body downward and forward by bend-ing the spine at the waist.
KneelingBending th9 legs at the knees to come to rest onthe knee or knees.

CrouchingBending the body downward and forward by bend-ing the legs and spine.

CrawlingMoving about on the hands and knees or handsand feet. The activities in this factor involve full use of the lowerextremities as well as the back muscles. Therefore, steopingrarely is rated when the worker is performing this act while in asitting position.

4. Reaching, Handling, Fingering and/or Feeling. These ac-tivities involve the use of one or both of the uprer extremities andare defined as follows:

ReachingExtending the hands and arms in any direction.
HandlingSeizing, holding, grasping, turning, or otherwiseworking with the hands or hand (fingering not involved).
FingeringPicking, pinching, or otherwise working with thefingers primarily (rather than with the whole hand or arm as inhandling).

FeelingPerceiving attributes of objects such as size, shape,temperature, or texture by means of receptors in the skin, par-ticularly those of the finger tips.
5. Talking and/or Hearing. These activities are defined as fol-lows:

TalkingExpressing or exchanging ideas by means of spokenwords.

HearingPerceiving the nature of sounds by the eat.
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The ability to talk is important for those job-worker situations in
which the individual must impart oral information to clients or to
the public, and in those situations in which he must convey detailed
or important spoken instructions to other employees accurately,
loudly, or quickly.
Hearing is important for .hose job-worker situations which require
the ability to receive detailed information through oral com-
munication, and to make fine, discriminations in sounds, such as
making fine adjustments on running engines.

6. Seeing. Seeing is the ability to perceive the nature of objects
through the eye. The more important aspects of vision are: (1)
acuity, far or near; (2) depth perception; (3) field of vision;
(4) accommodation; and (5) color vision. These aspects of vision
are defined as follows:

Acuit y------far is sharpness of vision at a distance of 20 feet or
more.
Acuitym-11r is sharpness of vision at 20 inches or less.
Depth Perception is three-dimensional seeing and is an im-
portant factor in judging distances and space relationships so as
to see objects where and as they actually are. Two-eyed vision is
involved here.
Field of Vision is the area that can be seen up or down or to
the right or left while the eyes are fixed on a given point.
Accommodation is the adjustment of the lens of the eye to
bring an object into sharp focus. This item is especially impor-
tant when doing near-point work at varying distances from the
eye.
Color Vision is the ability to identify and distinguish colors.

WORKING CONDITION FACTORS:

1. Work Location
InsideProtection from weather conditions but not necessarily
from temperature changes.
OutsideNo effective protection from weather. Inside is rated
if the -crker spends approximately 75 percent or more of his
time inside. Outside is rated if the worker spends approximately
75 -percent or more oi his time outside. Those job-worker situa-
tions which may occur inside or outside are rated "B."

2. Extreme Cold With or Without Temperature Changes.
These conditions are defined as follows:

Extreme ColdTemperature sufficiently low to cause marked
bodily discomfort unless the worke; is provided with excep-
tional protection.
Temperature ChangesVariations in temperature which are
sufficiently marked and abrupt to cause marked bodily reac-
tions.

3. Extreme Heat With or Without Temperature Changes.
These conditions are defined as follows:
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Extreme HeatTemperatur, -iifficiently high to cause marked
bodily discomfort unless the worker is provided with exceptional
protection.
Temperature ChangesVariations in temperature which are
sufficiently marked and abrupt to cause bodily reactions.

4. Wet and/or Humid. These conditions are defined as follows:
WetContact with water or other liquids.
HumidAtmospheric condition with moisture content suffi-
ciently high to cause marked bodily discomfort.

5. Noise and/or Vibration. For this factor to be rated, there
must be sufficient noise, either constant or intermittent, to cause
marked distraction or possible injury to the sense of hearing and/or
sufficient vibration (which is the production of an oscillating
movement or strain on the body or its extremities from, motion or
shock) to cause bodily harm if endured day after day.

6. Hazards. This category includes a variety of industrial haz-
ards, such as proximity to moving mechanical parts, electrical
shock, working on scaffolding and high places, exposure to burns
and radiant energy, and exposure to all types of explosives, all of
which involve the risk of bodily injury.

7. Fumes, Odors, Toxic Conditions, Dust, and Poor Venti-
lation. These conditions are grouped because they all affect the
respiratory system or the skin and are defined as follows:

FumesSmoky or vaporous exhalations, ..isually odorous,
thrown off as the result of combustion or chemical reaction.
OdorsNoxious smells, either coxic or nontoxic.
Toxic ConditionsExposure to toxic dust, fumes, gases,
vapors, mists, or liquids which cause general or localized dis-
abling conditions as a result of inhalation or actien on the skin.
DustAir filled with small particles of any kind, such as tex-
tile dust, flour, wood, leather, feathers, and inorganic dust,
including silica and asbestos, which make the workplace unpleas-
ant or are the source of occupational diseases.
Poor VentilationInsufficient movement of air causing a feel-
ing of suffocation; or exposure to drafts.
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Administrative Analyst 43
DATA HANDLER 34
DIRECTOR, MEDICAL DOCUMENTS 35
INSTRUCTOR, RESEARCH 38
INSTRUMENT TECHNICIAN 40
MANAGER, COMPUTER CENTER 41

MEDICAL ANALYST-PROGRAMER 43
MEDICAL CODING CLERK 44
MEDICAL LABORATORY ASSISTANT II 46
MEDICAL RECORDS LIBRARIAN 47

MEDICAL RECORD PROGRAMER-ANALYST 49
MEDICAL RESEARCH ASSISTANT 50

MEDICAL SYSTEMS ANALYST, COMPUTER 52
MEDICAL TECHNOLOGIST, CHIEF 53
MEDLARS LIBRARIAN 55
Principal, Medical Records Librarian 35
Reference Librarian, MEDLARS 55
SUPERVISING COMPUTER OPERATOR-TECHNICIAN 56
SUPERVISOR, COMPUTER OPERATIONS 59

SUPERVISOR, IDENTIFICATION AND CENSUS 60

SUPERVISOR, KEYPUNCH OPERATIONS 62
Supervisor, Technical Operations 62
SYSTEMS AND PROCEDURES ANALYST, COMPUTER 64
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Publications may he ordered from the Superintendent of Documents, U.S.
Government Printing Office, Washington, D.C. 20402. Remittance in the
form of check or money order payable to the Superintendent of Docu-
ments must accompany all orders. Do not send postage stamps.

1. DICTIONARY OF OCCUPATIONAL TITLES, Third Edition, in
two volumes. Volume I (1965, 809 pp., $5.00) lists in alphabetical
order over 35,000 job titles in the American economy. Provides defi-
nitions for almost 22,000 individual occupations.
Volume II (1965, 656 pp., $4.25) presents the occupational classi-
fication structure of the U.S. Training and Employment Service.
The structure consists of two arrangements of jobs. The first ar-
rangement groups jobs according to a combination of work field,
purpose, material, product, subject matter, gencric term, and/or
industry. The second arrangement groups jobs according to abili-
ties and traits required of workers. Also arranges jobs according
to industry.
SELECTED CHARACTERISTICS OF OCCUPATIONS (PHYSI-
CAL DEMANDS, WORKING CONDITIONS, TRAINING TIME),
A SUPPLEMENT TO THE DICTIONARY OF OCCUPATIONAL
TITLES, Third Edition. (1966, 280 pp., $2.75.) Lists individual
physical demands, working conditions, and training time data for
all jobs defined in the Dictionary. The information provides addi-
tional source material for determining job relationships in such
activities as vocational counseling, personnel and manpower ac-
tivities, training, rehabilitation, and placement.

SELECTED CHARACTERISTICS OF OCCUPATIONS BY
WORKER TRAITS AND PHYSICAL STRENGTH, SUPPLE-
MENT 2 TO THE DICTIONARY OF OCCUPATIONAL TITLES,
Third Edition. (1968. $1.25). A rearrangement of the data con-
tained in the first supplement. The data is presented by the
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worker trait groups contained in Volume II of the Dictionary. They
are then subgrouped by level of strength required. The supple-
rent be useful in counseling and placement activities, par-
ticularly in determining utilization, transfer, and placement possi-
bilities for handicapped and aged workers.

2. GUIDE FOR ANALYZING JOBS, ANALYST'S WORKBOOK
(Reprinted in 1966, 40 pp., $0.25). A companion, pocket-sized
workbook to the TRAINING AND REFERENCE MANUAL FOR
JOB ANALYSIS. Presents basic techniques of job analysis in out-
line form and provides an explanation of each job analysis com-
ponent.

3. HEALTH CAREERS GUIDEBOOK (1965, $1.50). Written and
designed to appeal to young people who are interested in plan-
ning a career in the health field. Describes more than 200 jobs
in this field and contains information about educational, training,
and licensing requirements; job prospects; salaries and working
conditions; personal qualifications required; and sources of addi-
tional information.

4. JOB GUIDE FOR YOUNG WORKERS (1968) . Presents high-
light information on entry jobs or fields r work frequently held
by young people leaving high school. Provides information on em-
ployment prospects, qualifications for jobs, usual duties, character-
istics of the jobs, and how and where jobs are obtained. Also di-
rects the young jobseeker to Federal and State agencies which
can provide job information and counseling. Includes selected
readings and some tips on how to get a job.

5. OCCUPATIONS IN ELECTRONIC COMPUTING SYSTEMS
(1965, 72 pp., $0.30). Describes 23 different occupations peculiar
to the electronic computing field. Gives the education, training,
and characteristics required of the worker by the job, and lists
the physical activities and environmental conditions usually en-
countered. Also has a glossary of technical terms, a bibliography,
and a listing of organizations, colleges, and universities where ad-
ditional information abOut electronic computing systems may be
obtained.

6. OCCUPATIONS IN THE FIELD OF LIBRARY SCIENCE (1966,
57 pp., $0.30). Presents descriptive information about 22 occupa-
tions involved in library work, including education, training, ex-
perience, and the worker traits required.

7. OCCUPATIONS IN THE CARE AND REHABILITATION OF
THE MENTALLY RETARDED (1966, 76 pp., $0.35). Discusses
the problems peculiar to the care and rehabilitation of those af-
flicted with mental retardation and describes 27 occupations in-
volved in such care and rehabilitation. Illustrated.

8. TECHNICAL REPORT ON OCCUPATIONS IN NUMERICALLY
CONTROLLED METAL-CUTTING MACHINING (1968, 91 pp.,
$0.45). Describes 14 occupations in metal-cutting machining and
the changes which have been brought about by the introduction of
numerical control processes.
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9. TECHNOLOGICAL CHANGES IN COMPOSING ROOM AND
BINDERY PROCESSES IN THE PRINTING AND PUBLISHING
INDUSTRY (1964, 50 pp.). A single copy, in limited supply, is
available upon request from the U.S. Training and Employment
Service, Manpower Administration, U.S. Department of Labor,
Washington, D.C. 20210. Presents a preliminary picture of occupa-
tional and staffing rhanges brought about in composing room and
bindery processes as a result of the introduction of automated equip-
ment or technological innovations. It is a limited study, covering
eight plants in a single geographical area, and, therefore, not neces-
sarily representative of the industry as whole.

10. TRAINING AND REFERENCE MANUAL FOR JOB ANALYSIS
(Interim Revision, 1965, 91 pp., $0.60). An operational and ref-
erence text that presents the principles and practices for obtain-
ing information about jobs.

11. TRAINING MANUAL FOR THE DICTIONARY OF OCCUPA-
TIONAL TITLES, Third Edition. Part A, Instructor's Guide
(1965, 23 pp., $0.25). Provides a guide to instructors for initiat-
ing and conducting the self-training program covering the Dic-
tionary.
Part B, Trainee's Workbook (1965, 323 pp., $1.75). A self-instruc-
tional text, presented in the form of a linear program, covering
the contents, structure, arrangement, and use of the Dictionary.

Other occupational information publications prepared by the U.S. Train-
ing and Employment Service are listed in a booklet titled BUREAU OF
EMPLOYMENT SECURITY PUBLICATIONS, Section III, "Employ-
ment Service Publications." This booklet may be obtained without cost
from the nearest local office of your State employment security agency
or by writing to the U.S. Training and Employment Service, Manpower
Administration, U.S. Department of Labor, Washington, D.C. 20210.

U. S. GOVERNMENT PRINTING OFFICE : 1969 0 - 355-862

For sale by the Superintendent of Documents, U.S. Government Printing Office
Washington, D.C. 20402 - Price 45 cents
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